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1. INTRODUCTION 


The purpose of this project was the design and development 
of a real-time speech coding system that transmits high-quality 
speech at a data rate of 16 kb/s (kilobits/second). The final 
report of this project is organized in two volumes. Volume I 
describes our work in the development and optimization of the 
speech coding algorithm. Volume II (this volume) describes the 
implementation of the final optimized speech coding algorithm as 
a real-time full duplex system on a CSP Inc. (CSPI) MAP-300 


signal processing computer and associated hardware. 


In the body of this volume we present detailed documentation 
of the MAP~300 real-time implementation of the speech coding 
algorithm (Section 2) and instructions on the installation and 
use of the speech coder software (Section 3). Contained in 
appendices are function descriptions of BBN-written MAP-300 
modules (Appendix A), documentation of the MAP-30(' buffers and 
scalars (Appendices B and C), and listings of the MAP-300 and 


PDP-11 (FORTRAN) programs that constitute the speech coder system 


(Appendix D). 
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2. REAL-TIME IMPLEMENTATION 


2.1 OVERVIEW 


This section describes the function, components, and design 


of the BBN16 real-time speech coder implementation. The later 


sections in this chapter describe in more detail the operation of 


the coder system, the hardware and software used to 


speech 


construct it, and the real-time performance of the completed 


system. 


2.1.1 System Function 


The 


speech coder system is a full duplex terminal of a 


complete communication system. It is intended to be connected 


via a 16 kb/s digital I/O link through a communication channel to 


an identical system. The speech coder system functions 


Simultaneously as both a transmitter and a receiver. 


2.1.2 System Components 


The speech coder system contains both hardware and software 


elements. The hardware elements include a CSP Inc. MAP-300 array 7. 


processor attached to a PDP-11, a handset including microphone 


and earphone, a hookswitch, amplifiers and low-pass filters, and 


digital line interfaces. The software elements include MAP-300 


programs, which comprise the real-time software, and the program 


| that runs on the PDP-1ll, which is used only to load and 
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initialize the MAP software. Fig. 1 is a block diagram of the 


system. 
2.1.3 System Design 


The real-time speech coder consists of six separate 
foreground processes. The Transmitter requires an analog-in 
Process, an analysis process, and a digital~out process, The 
Receiver requires a digital-in process, a synthesis process, and 
an analog-out process. Since all of these processes make use of 
the MAP-300 CSPU to some extent, a mechanism for scheduling them 
is necessary. Part of this mechanism is contained in the MAP 
hardware interrupt structures and the SNAP-II executive program. 
The rest is implemented using flags in conjunction with a 
background process running in the CSPU. Fig. 2 is a diagram of 
these processes. The processes share data buffers and 
communicate the status of these Hubters through flags. Since the 
four I/O processes are continuous, pairs of double buffers are 


used to enable the necessary sharing. 


Each I/O process includes’ an interrupt service routine, 
which handles the flags and transfers data to or from the shared 


buffers. Two levels of double buffering are provided within each 


time exception conditions. 


The background process is shown in Fig. 3. The ANALYZE and 
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SYNTHESIZE modules are logically asynchronous; they respectively 
belong to the independent Transmitter and Receiver. However, the 
modules must be controlled by a sequential machine, the CSPU. 
The control strategy for allowing each module as much flexibility 
as possible results in a structure that executes a module only if 


that module’s input and output buffers are available. 


The Initialization module is the first module executed, and 
it is executed only once. It sets all buffer flags to indicate 
empty, loads and starts the programs in the various I/O Scroll 


Processors, and enables interrupts from these processors. 


Control then passes to the basic loop of the background 
process. This loop executes the ANALYZE and SYNTHESIZE modules 
when the required I/O buffers are available. For example, the 
SYNTHESIZEA module will be executed only when the RBITSB buffer 


is full and the RSINKA buffer is empty. 


The ANALYZEA and ANALY ZEB modules are functionally 
equivalent, differing only in their input and output buffers. 
The structure of the SNAP-II programming environment 
(specifically, the use of prebound functions for run-time 
efficiency) does not allow changing the buffers used in a 
Particular function. Therefore, two separate modules have been 


created to deal with the two sets of TSOURCE and TBITS buffers, A 


and B. Similarly, two separate SYNTHESIZE modules are required, 
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All of the foreground processes are loosely coupled. 
Execution of neither the ANALYZE nor the SYNTHESIZE module is 


connected rigidly to any I/O process. 


2.2 SYSTEM OPERATION 


The speech coder system functions as one terminal of a full 


duplex digital voice connection. It accepts voice input, 
digitizes it, and processes it. The processed speech is 
transmitted as a sequence of bits to a similar terminal. The 


System also accepts a sequence of bits representing speech 
transmitted from a remote terminal and processes this sequence to 


obtain synthetic voice output. 
2.2.1 Transmitter 


The Transmitter is shown in Fig. 4. The low-pass filtered 
input speech is fed into an A/D converter contained in an I/O 
Scroll processor (the ADAM, or Analog Data Acquisition Module), a 
component processor of the MAP. The program running in this 
scroll controls the sampling of the speech data, transferring 216 
samples (one frame) into each of two buffers, alternately. The 
sampling rate is 6.621 kHz, so each frame is about 32.625 ms 


long. 


When the ADAM fills one of these buffers, it generates an 


interrupt to the main MAP processor, the CSPU. The A/D Interrupt 
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Service routine, which is activated by this interrupt, transfers 
the data from the just-filled A/D buffer to the current one of 
the two TSOURCE buffers (if the current one is empty) and sets 
the corresponding TSOURCEA or TSOURCEB flag to indicate that the 
buffer is now full. If the current TSOURCE Buffer is not empty, 


the A/D buffer contents are discarded. 


The data in the TSOURCE buffers is used as input by the 
ANALYZE program module. The Background Process (Section 2.1.3) 
tests the TSOURCE flags to determine when data is available to 
the ANALYZE module. After processing a TSOURCE buffer, ANALYZE 
clears the corresponding flag to indicate that the buffer is 
empty. The ANALYZE module processes the data, producing coded 
speech, which is then written into one of the (empty) TSINK 
buffers. The ANALYZE module runs in the CSPU and AP at 
background level and is therefore asynchronous with the interrupt 


service routines. 


After ANALYZE fills a TSINK buffer, the PROPAR and PRORES 
modules transform the data from this buffer into an error- 
protected bitstream. This bitstream is stored in one of the 
(empty) TBITS buffers, and the corresponding TBITS flag is set to 
indicate full. The PROPAR/PRORES operation loqically follows 
ANALYZE, in that data must be processed by ANALYZE before it is 


available to PROPAR/PRORES. However, the PROPAR and PRORES 


modules are actually executed concurrently with the next 
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execution of the ANALYZE module. In fact, they appear as part of 
the ANALYZE function list. The first time the ANALYZE and 
PROPAR/PRORES modules are executed, PROPAR/PRORES will operate on 
a TSINK buffer before it has been filled by ANALYZE; therefore, 


the TSINK buffers are initialized to coded silence. 


The data processed by the PROPAR/PRORES modules will 
eventually be output to the modem by the TMODEM program, running 
in another I/O Scroll processor. This program takes data, in the 
form of a bitstream, from the TMODEM buffers and puts it out to 
the modem. When the TMODEM buffer is emptied, the TMODEM scroll 
program generates an interrupt to the CSPU and begins taking data 


from the other TMODEM buffer. 


) This interrupt causes execution of the TMODEM Interrupt 
Service routine. This routine transfers data from a full fTBITS 
buffer to the just-emptied TMODEM buffer and clears’ the 
corresponding TBITS flag to indicate empty. If the TBITS buffer 
is not full, a buffer corresponding to coded silence is 


transferred to the TMODEM buffer. 


2.2.1.1 ADAM Scroll Program (ADPROG) 


Speech input is performed by the ADAM, an I10S-2. scroll 


Processor that contains an analog multiplexer, sample/hold, and 


A/D converter. The ADAM receives both the input speech signal 


and the input sampling clock from the Speech Processor Interface 


(SPI). The signal is in the range -5 to +5 volts, and the 


sampling rate is 6.621 kHz. 
12 
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The ADAM program (ADPROG) is shown in Fig. 5. The speech 
samples are double-buffered in A/D input buffers named TADBA and 
TADBB. (All MAP buffers and most scalars are prefixed with "T" 
or "R" to indicate that they are used in the speech coder 
Transmitter or Receiver respectively.) The A/D input buffers are 
216 samples long, which corresponds to a frame length of about 
32.625 ms. The A/D samples are written into memory in short (16- 
bit) floating point format. (The ADAM and AOM are capable of 


working only in 16-bit floating or 16-bit fixed point formats.) 


ADPROG sets’ the ADAM multiplexer to Channel 1 and sets the 
Fl flag to initiate sampling. ADPROG maintains a pointer into 
the A/D input buffer, which is initialized to TADBA-l. When a 
sample is converted, this address pointer is incremented and used 
to transfer the A/D sample to MAP memory. The address pointer is 
compared to the buffer end address; when the end has_ been 
reached, a line 1 interrupt is passed to the CSPU to signal the 
filling of the buffer, and the SYNCSTOP register is checked. 
SYNCSTOP is a register that is set by the CSPU to signal the ADAM 
to stop sampling. In normal operation, it remains clear, so 
ADPROG resets the address pointer to the other A/D input buffer 
(TADBB), and speech sample input proceeds without interruption. 
Interrupt 1 from the ADAM is used to signal the filling of each 


successive A/D buffer and the switch to the other A/D buffer. 


13 
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2.2.1.2 A/D Interrupt Service (ADAMINT) 

ADAMINT is activated by each ADAM line 1 interrupt, 
Signifying the filling of another A/D input buffer. ADAMINT, 
like the other three speech coder input/output interrupt service 
routines, maintains a pair of integer scalar “pointer offsets" to 
keep track of its input and output buffer relationships. These 
pointer offsets, which take on the values -2 and 0, are used to 
reference small tables of address pointers. Thus, for example, 
ADPO ("A/D Pointer Offset") references ADBPTR, a table of 
pointers to the two A/D input buffers, and TSRPO ("TSOURCE 
Pointer Offset") references the tables TSRBPTR and TSRFPTR, which 
point to TSOURCE buffer-copying subroutines and buffer-status 


flags. 


The operation of ADAMINT is shown in Fig. 6. When it 
receives a buffer-filled (line 1) interrupt, ADAMINT switches 
ADPO to the buffer just filled by the ADAM.Then ADAMINT checks 
the status of the next TSOURCE buffer to be filled; if it is 
available (empty) and the handset hookswitch is up (indicating 
that the handset is in service), ADAMINT copies the new A/D 
buffer to the current TSOURCE buffer. If the TSOURCE buffer is 
empty but the hookswitch is down, a preconstructed "tone" buffer 
is copied instead to the TSOURCE buffer. (This simulated input 
is intended to indicate to the person using the remote speech 
coder that this coder is in operation, but the handset is resting 


in the holder.) In either case, the TSOURCE buffer flag is set 
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to nonzero to indicate full, TSRPO is switched, and the routine 
exits. If, on the other hand, the TSOURCE flag shows that the 
current TSOURCE buffer is not empty and therefore unavailable, 
ADAMINT simply exits, effectively discarding the new A/D data. 
An "A/D Frame Discard Counter" (TADFDC) is incremented by one to 


keep track of the fact that an A/D buffer was discarded. 


2.2.1.3 ANALYZE Module 

The ANALYZE Module implements the APC analysis algorithm 
described in Section 2 of the "Specification of the Optimized 16 
kb/s APC Algorithm" (henceforth known as the "Algorithm 
Specification") (Volume I, Appendix A of this report). As 
described in Section 2.1.3, two versions of the ANALYZE Module 
exist, one for each of the two sets of input/output buffers 
required for double buffering. Each version consists of a 
function list of MAP-300 function calls. The two versions (ANLZA 
and ANLZB) are identical in terms of the sequence of functions 
called and differ only in the parameters (buffers and/or scalars) 


passed to several of the functions. 


This section describes, on a function by function basis, the 
ANLZA/ANLZB function lists, which appear in subroutine BBNI6F of 
the speech coder software (Appendix D). The specification of 
alternative parameters for the two function lists is indicated in 
the descriptions below by a “/* (e.g., “TSRA/B” indicates TSRA 


for the ANLZA function list and MTSRB for the ANLZB function 
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list). Each function is either supplied by CSPI as part of the 


SNAP-II Release 3.5 software system or written by BBN. CSPI- 


supplied functions are described in detail in CSPI documents 


{2,3,4]. BBN-written functions are described in detail 
Appendix A of this report. The buffers and scalars passed 
Parameters to the functions are defined in subroutine BBNI6C 
the speech coder software (Appendix D) and are described 


detail in Appendices B and C. 


2.2.1.3.1 Begin Function List 


MPBFL (ANLZA/B) 


This CSPI function specifies the start of the 
indicated function list. 


2.2.1.3.2 Set G-flag 


MPGSC (IG3, ISET) 


This BBN function causes general-purpose flag G3 to be 
set, indicating the start of ANLZ processing. This use 
of flag G3 is intended for system debugging, timing, and 
internal measurement and is not required for proper 
operation of the speech coding software. 


2.2.1.3.3 Monitor Peak Input Level 


ADPEAK (TSRA/B) 


This BBN function serves to maintain a running maximum 
(in integer scalar TADPK) of the digitized speech input 
samples, allowing the user to properly adjust the analog 
input signal level for maximum A/D range without 
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clipping. The maximum sample in the current input buffer 
is compared to the previous maximum, and TADPK is updated 


if necessary. TADPK is displayed (and reset to zero) 
during speech coder operation in response to a "T" 
command. 


2.2.1.3.4 Transmitter Frame History Updates 
THIST(TSP1,TSPO0,TE1,TE11,TRH,TRHO) 


This BBN function performs frame history updates on 
three buffers. The last-frame data from the end of each i 
buffer is moved to the beginning of the buffer for use 
during current frame processing. (The buffers are { 
referenced by TSPl, TEl, and TRH. The end portions of 
these buffers are referenced by TSP0, TE11, and TRHO.) 


2.2.1.3.5 Preemphasis 
DPRE (TSPO , TALPH,TSRA/B,TPHST, TONES) 


This CSPI function (Discrete Weighted Pre-emphasis 
Filter) preemphasizes the input speech (TSRA/TSRB) (as 
indicated in Section 2.1 of the Algorithm Specification) , 
with filter coefficient TALPH, filter history MTPHST, 
unity weighting vector TONES, and output preemphasized 
speech TSPO. 


2.2.1.3.6 Done with Input 


MPWT (PRCSR,AP) 
MPIST (TSRFA/B, 0) f 


These CSPI functions clear the appropriate buffer 
Status flag (TSRFA or TSRFB) once the previous function 
has completed, indicating that the associated buffer can 
now be considered empty (i.e., ready to be filled with 
new input speech data). 
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2.2.1.3.7 Pitch Filter Analysis 


The functions in this section perform pitch filter analysis 


on the preemphasized input speech, as indicated in Section 2.2 of 


the Algorithm Specification. 


SSUM (TDCN,TSP,TFSZI) 


This CSPI function sums the extended frame of 
preemphasized input speech samples (TSP), and multiplies 
the sum by the negative reciprocal of the extended frame 
size (TFSZI), producing the negative of the extended 
frame DC value (TDCN). 


VMUL (TWSP,1,TSP,TDCN,THAMO,0) 


This CSPI function removes the DC term (TDCN) from the 
input speech (TSP) and multiplies the result by a Hamming 
window (THAMO), producing windowed speech in TWSP. 


FFTLR(TXSP,1,TWSPZ,TCOST,TXSP) 


This BBN function is a slightly modified version of 
the CSPI function FFTNR (Real to complex FFT, not in 
place) (described in [4]). The modification involves a 
reformatting of the complex frequency domain output 
(TXSP) such that the last real output point appears at 
the end of the array, rather than in the first imaginary 
output location (which is known to be zero). The real 
input (TWSPZ) is a zero-padded copy of the windowed 
speech in TWSP. TCOST is a pregenerated table of cosine 
values. 


VMSQ (TPSPR, TXSPR,TXSPI) 


This CSPI function computes the power spectrum (TPSPR) 
of the windowed speech by computing the magnitude squared 
from the DFT real (TXSPR) and imaginary (TXSPI) parts. 
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VCLR(TPSPT) 


This CSPI function clears the imaginary part of the 
complex buffer containing the real power spectrum. This 
clear operation must be performed every frame because the 
following inverse FFT function writes to TPSPI. 


FFILR(TRP,1,TPSP,TCOST,TRP) 


This BBN function is a slightly modified version of 
the CSPI function FFINR (Complex to real inverse FFT, not 
in place) (described in [4]). The modification involves 
reformatting of the complex frequency domain input (TPSP) 
corresponding to the modification described above for 
FFTLR. TPSP is the complex input consisting of real part 


TPSPR and imaginary part TPSPI. The real output TRP 
contains the autocorrelation coefficients of the windowed 
speech. 


PITCH (TRPP,TMH,TRP,TIM,T14,TC2P) 


This BBN function computes and codes the pitch lag (in 
terms of number of speech samples) From the 
autocorrelation coefficients (TRP). The pitch lag is 
Output in TMH, and the coded pitch is output as an 
integer half-word in the left half of real scalar TIM. 
-TRP(pitch lag -1), -TRP(pitch lag), and -TRP(pitch lag 
+1) are output (for the three-tap pitch predictor 
coefficient computation) in TRPP. The single-tap pitch 
predictor coefficient is output in real scalar TC2P. 


MEWL (TC, TINC,TRPP,TKTHR,TRP, TWORK) 


This CSPI function (described in [4]) computes’ the 
three-tap pitch predictor coefficients (TC) from the 
pitch-centered autocorrelation coefficients (TRPP). 


STAB (TCH, TC2P,TIC,TC) 


This BBN function performs a stability check on the 
three-tap pitch predictor coefficients (TC) and uses the 
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single-tap predictor (with zeros for the first and third 

coefficients, TC2P as the second coefficient) if the 

three-tap coefficients are found to be unstable. The 

pitch predictor coefficients are then coded and quantized 
into buffers TIC and TCH, respectively. 


2.2.1.3.8 Inverse Pitch Filter 
INVPF (TE1O,TMH,TSP1,TCH) 


This BBN function inverse filters the preemphasized 
Speech (TSP1) (as indicated in Section 2.3 of the 
Algorithm Specification), using quantized pitch predictor 
coefficients (TCH) and pitch lag (TMH) and produces a 
first residual signal (TE10). 


2.2.1.3.9 Spectral Filter Analysis 
The functions in this section perform spectral filter 


analysis on the first residual signal, as indicated in Section 


ak ee Acie ee 


2.4 of the Algorithm Specification. 
VMUL(TWE1,1,TE10,0,THAM1,0) 


This CSPI function multiplies the first residual 
signal (TE10) by a Hamming window (THAM1), producing a 
windowed first residual (TWE1). 


DCORZ (TRS ,0,TWE1,TWE1) 


This CSPI function (described in [4]) computes seven 
autocorrelation coefficients (TRS) from the windowed 
first residual (TWE1). 


HFC (TRSP, TRS, TLMU) 


This BBN function modifies the autocorrelation - 
coefficients (TRS), producing high-frequency-corrected | 
autocorrelation coefficients (TRSP). 7 
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MWLQ6 (TKE, TKTHR, TKH, TRSP,TIK) 


This BBN function is a modified version of the CSPI 
function MWLD. It uses the Levinson recursion to compute 
the spectral reflection coefficients from the corrected 
autocorrelation coefficients (TRSP), and then codes and 
quantizes them into buffers TIK and TKH. 


2.2.1.3.10 Inverse Spectral Filter 
The functions in this section perform inverse filtering of 


the first residual signal, as indicated in Sections 2.4.5 and 2.5 


of the Algorithm Specification. 


VKTOA (TAH, TKH) 


This BBN function converts reflection coefficients 
(TKH) to spectral predictor coefficients (TAH). 


DCORZ (TE2,0,TE1,TAHR) 


This CSPI function (described in [4]) inverse filters 
the first residual (TE1) by performing a correlation 
operation with the pitch predictor coefficients in 
reverse order (TAHR) (hence a convolution), producing a 
second residual signal (TE2). 


2.2.1.3.11 Error Protection on Previous Frame Parameter Data 


PROPAR (B/A) 


This BBN function performs error protection on 
previous frame parameter data (in buffer TSNKB/TSNKA), 
depositing error protected and bitstreamed transmission 
data in buffer TBTA/TBTA. This function executes in the 
CSPU while the previous function (DCORZ) is executing in 
the AP. (See Section 2.2.1.3.18 for a more detailed 
discussion of this module.) 


23 


Bolt Beranek and Newman Inc. Report No. 4565 


2.2.1.3.12 Noise Shaping Filter Calculation 
VMUL (TANS, 1,TAH,0,TFAC,0) 


This CSPI function computes noise shaping filter 
coefficients (TANS) as indicated in Section 2.4.6 of the 
Algorithm Specification. 


2.2.1.3.13 Gain Factor Calculation | 
GAIN (TGFAC ,TIG, TIDG,T72R,TE2,T3R) 


This BBN function computes and quantizes energy and 
segment delta-gains as indicated in Section 2.6 of the 
Algorithm Specification. TIG is the coded energy of the 
second residual (TE2). TIDG contains the three coded 
segment delta-gains, and TGFAC contains the three 
residual quantizer segment scale factors. 


The quantization table for energy differs from that in 
the Algorithm Specification by a scale factor of 
2.511* (10**-7) (-66 aB), which accounts for the 
difference in input speech signal magnitude between the 
simulation (+1024) and the real-time implementation 
(+0.5). (The ADAM and AOM have a range of +1, but that 
amplitude is rare.) The energy and delta-gain decoding 
tables differ from their quantization tables by a square 
root. Quantization is performed on the computed 
energies, but the APC and synthesis operations use gain 
(Or square root of energy) factors. The gain decoding 
table also differs from that in the Algorithm 
Specification by -66 dB (scale factor of 5.01*(10**-4)). 


2.2.1.3.14 APC Residual Calculation ‘ 
APC (TIUA/B, TMH, TSPO, TFILT, TGFAC, TRH, TVH,TQ1) 


This BBN function computes and codes the APC residual 
as indicated in Section 2.7 of the Algorithm 


Specification. The input preemphasized speech is in 
TSPO. The spectral, pitch, and noise shaping filter 
coefficients are contiguous in buffer TFILT. TMH 
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contains the pitch lag. TRH, TVH, and TQ1 retain frame- 
to-frame memories of the filters. The coded APC residual 
is stored in buffer TIUA/TIUB (equivalent to the 
beginning of TSNKA/TSNKB). 


2.2.1.3.15 Error Protection on Previous Frame Residual Data 


PRORES (B/A) 
MPIST (TBTFB/A, 1) 


These functions (PRORES is a BBN function; MPIST is a 
CSPI function) perform bitstreaming on the previous 
frame“s residual data (in buffer TSNKB/TSNKA), depositing 
bitstreamed transmission data in buffer TBTB/TBTA. The 
appropriate buffer status flag (TBTFB or TBTFA) is. set, 
indicating that the associated buffer is now full (i.e., 
ready to be transmitted). These functions execute in the 
CSPU while the previous function (APC) is executing in 
the AP. (See Section 2.2.1.3.18 for a more detailed 
discussion of this module.) 


2.2.1.3.16 Transmitter Data Collection 


GTHR(TSNKA/B,TIG,TIDG,TIM,TIC,TIK) 


This BBN function collects all coded parameter 
transmission data into a single buffer (TSNKA/TSNKB). 
(The coded residual data has been placed directly into 
TSNKA/TSNKB by the APC function). 


2.2.1.3.17 End of Function List 


MPEFL (ANLZA/B) 


This CSPI function specifies the end of the indicated 
function list. 


2.2.1.3.18 Error Protection and Bitstreaming 


The PROPAR and PRORES modules take as input a TSINK buffer 
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(either TSNKA or TSNKB) containing quantized and coded analysis 
Parameters and residual samples and oroduce as output a TBITS 
buffer (again, TBTA or TBTB according to the fTSINK buffer 
designation) in which: 
l. certain high-order data bits have been grouped together 
and protected with (7,4) Hamming codewords; 
2. the data to be transmitted has been "bitstreamed", one 
bit per half-word, in the form used by the TMODEM 
scroll program; 
3. histogram informatior of the coded analysis parameters 
has been recorded. 

These operations are performed in the CSPU, and therefore 
they can be executed concurrently with an AP operation. These 
Operations are implemented as two separate CSPU modules so that 
each module’s execution time is (mostly) hidden by that of an AP 
module. The PROPAR module performs the error-protection and 
bitstreaming of the analysis parameters (gain, delta-gains, 
pitch, pitch filter coefficients, and reflection coefficients), 


and it also records the histogram information for those 


. parameters (except pitch). PRORES bitstreams the residual values 


only. ' 


The format of the TSINK buffer is shown in Table 1, along 
with the number of bits per parameter and the number of high- 
order bits protected by Hamming codes. (Cl-C3 denote the three 
pitch filter coefficients, and K1-K6 denote the six reflection 
coefficients.) A total of 44 high-order bits of the transmitted 


Parameters are protected using 11 Hamming (7,4) codewords. 
26 
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Word Parameter No. of bits Bits protected 


0-215 Residual (216 samples) 2 0 

216 Gain 6 6 

217-219 Delta-gain (3) 2 2 

220 Pitch 7 7 

221 Cl 3 2 

222 C2 4 3 

223 C3 3 2 

224 Kl 6 5 

225 K2 5 4 
226 K3 4 3 | 

227-229 K4,K5,K6 4 2 


TABLE 1. TSINK BUFFER FORMAT 


The TBITS buffer contains one data bit in the rightmost bit 
of each 16-bit half-word. The format of the TBITS buffer (also 
the frame of data transmitted) is shown in Table 2. (Bits of 


coded parameters are numbered starting with bit 0 on the right. 


B5432 thus denotes a 4-bit field of bits 5 through 2.) 


A histogram-gathering function was included in the PROPAR 
module for gathering statistics on the effectiveness of the 
quantization tables for the analysis parameters and for verifying 
correct transmitter operation. A PDP-11 program (HIST16) was 
implemented (not delivered, but shown in Appendix D) to read the 


histogram buffers defined on Bus 1 and list them in a text file. 


2.2.1.4 TMODEM Interrupt Service (TMODEMINT) 
The TMODEM Interrupt Service routine is shown in Fig. 7. 


When activated by a Line 1 interrupt from the modem IOS-2 scroll, 


this routine updates the TMODEM pointer offset to point to the 
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431-432 
433-439 
440-446 
447-453 
454-460 
461 

462-468 
469 

470-476 
477 

478 

479-485 
486 

487-493 
494 

495-501 
502-508 
509-510 
511-512 
513-514 
515-521 


Function 


Sync bit 
lst residual sample (LSB first) 


216th residual sample 

B5432 gain (Hamming (7,4) codeword) 

B10 gain, B10 delta-gain-1 (7,4) 

B10 delta-gain-2, B10 delta-gain-3 (7,4) 

B6543 pitch (7,4) 
BO Cl | 
B2 Cl, B210 pitch (7,4) 
BO C2 

B321 C2, Bl Cl (7,4) 

BO C3 

BO Kl 

B54 Kl, B21 C3 (7,4) 

BO K2 

B4321 K2 (7,4) 

BO K3 

B3 K3, B321 Kl (7,4) 

B32 K4, B21 K3 (7,4) 

B10 K4 

B10 K5 

B10 K6 

B32 K6, B32 K5 (7,4) 


TABLE 2. TBITS BUFFER FORMAT 


current (just 


emptied) TMODEM buffer, then checks the current 


TBITS buffer flag to see if there is new bitstream data ready to 


be transmitted. If the flag is set to full, the data is copied 


from the TBITS buffer to the current TMODEM buffer, the TBITS 


flag is set to empty, and the TBITS pointer offset is updated to 


point to the other TBITS buffer/flag. If, on the other hand, the 


current TBITS buffer flag indicates not-full, bitstream data 


corresponding 


to a frame of silence is copied (from buffer TBTC) 


to the current TMODEM buffer, the "fake frame" is counted by 
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incrementing TMFFC, and the routine exits without having changed 


the TBITS pointer offset. 


In either case, only 521 words (bits) of data are copied to 
the TMODEM buffer. The data bit of the first word of each TMODEM 
buffer is not copied into, as it is the synchronization bit: a 0 
in TMODEMA and a 1 in ‘TMODEMB. Since data is transmitted 
alternately from TMODEMA and TMODEMB, the data frames at the 
receiver have the sync bit alternating between 0 and 1 in 


successive frames. 


2.2.1.5 TMODEM and RMODEM I/O Scroll Program (RTPROG) 

The digital data input and output is performed by an IOS-2SM 
Scroll processor that has been augmented by a modem interface. 
This interface also contains the dual-rate clock for timing both 


the modem data and the speech sample input and output. 


The TMODEM and RMODEM Scroll program (RTPROG) is shown in 
Fig. 8. Although the TMODEM output and RMODEM input processes 
are logically distinct, they are performed by this. single 
program. After setting the rates of the modem-data and speech- 
sample clocks and initializing buffer switches and address 
pointers, the program enters a basic loop that checks the two 
Peripheral flags for data ready from the modem receiver interface 


(Pl set) oz for the modem transmitter interface ready to accept 


data (P2 set). 
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When a new datum is available from the interface, it is 
transferred to RMODEM buffer A, B, or C, depending on the value 
of a buffer switch in register RO and an address pointer in 
register Rl. The transfer clears flag Pl. If the input buffer 
is now full, the buffer switch and address pointer are changed to 


point to the next buffer and the CSPU is interrupted on line 2. 


When the interface becomes ready to accept a datum (to be 
transmitted), a word is transferred from TMODEM buffer A or B, 
depending on the value of flag Fl, used as a buffer switch, and 
an address pointer in register R2. The transfer clears flag P2. 
If the output buffer is now empty, the buffer switch and address 
pointer are changed to indicate the other TMODEM buffer and_ the 


CSPU is interrupted on Line l. 


2.2.1.6 Transmitter Input/Output Buffer Initial Sequence 

The several layers of shared input/output buffers in the 
speech coder transmitter and receiver require that the modules 
that reference them be initialized to do so in the proper order. 


The start-up sequence for the transmitter is described below. 


The ADAM scroll program starts by writing speech samples 
into buffer TADBA (and then proceeds to write into TADBB, etc.). 
At the first ADAM interrupt, ADAMINT copies from TADBA to TSRA 
(TSOURCE A buffer) and sets the flag TSRFA. The background 
Process executes ANLZA first, since TSRFA=l1 and MTSBTFB is 


initially 0. The execution of ANLZA includes PROPAR(B) and 
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PRORES (B), which write the first bitstream data into buffer TBTB; 
then the flag TBTFB is set to 1. The TMODEMINT interrupt routine 
is initialized to expect its first bitstream data in buffer TBTB, 
so that is the first data copied into a TMODEM buffer for output 


by the TMODEM scroll program. 


Meanwhile, the TMODEM scroll program has started by 
transmitting (initialized) data from buffer TMDMA. It then sends 
an interrupt and proceeds to read from TMDMB, and so forth. The 
initial TMODEM interrupt activates TMODEMINT, whose first task is 
to provide new data for the just-emptied TMDMA buffer. TMODEMINT 
is initialized to check the flag TBTFB, as described above. At 
the end of the first frame, however, ANLZA has not yet executed 
and there is as yet no data in TBTB, so TMODEMINT copies “dummy” 
bitstream data instead from TBTC into TMDMA and exits. The next 
time TMODEMINT is activated, it again checks TBTFB and (since 
ANL2ZA has run by now) finds it set, so it copies the new 
bitstream data from TBTB to the (just-emptied) TMDMB buffer. 
Thereafter all data buffers are alternately filled and emptied 


without conflict. 
2.2.2 Receiver 


The Receiver is similar in structure to the Transmitter. 


The Receiver is shown in Fig. 9. 


Data is accepted from the modem and put into one of three 
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RMODEM buffers by the RMODEM program running in an I/O scroll. 
When this program fills a buffer, it generates an interrupt to 
the CSPU and begins filling the next buffer (A,B,C,... in 


rotation). 


This interrupt activates the RMODEM Interrupt Service 
routine, which checks frame synchronization and, if correct, 
transfers the new data to an empty RBITS buffer and sets the 
corresponding RBITS flag to indicate full. The data that is 
actually transferred does not correspond exactly to the just- 
filled RMODEM buffer. Rather, it is a "frame" of data completely 
contained in the mew RMODEM buffer and the RMODEM buffer 
previously filled. A frame of data begins with a sync bit. 
Since this bit may occur anywhere within a single RMODEM buffer, 
two full buffers (and therefore three buffers altogether) are 


required to guarantee that a complete frame is available. 


The CORPAR and DECODA/B modules, running in the CSPU at 
background level, empty the full RBITS buffer, perform error 
correction and decoding of the incoming bitstream, copy these 
decoded parameters into an (empty) RSOURCE buffer, and clear the 


RBITS flag to signify empty. 


The SYNTHESIZE module, running in the CSPU at background 
level, empties the (full) RSOURCE buffer, performs the processing 
necessary to synthesize speech, and puts the output speech 


samples into an (empty) RSINK buffer, setting the corresponding 
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RSINK flag to indicate full. The SYNTHESIZE module, although 
logically following the CORPAR and DECODA/B modules, in fact 
contains them and is executed concurrently with them. That is, 
SYNTHESIZE operates on the data supplied by the previous 
execution of CORPAR and DECODA/B. The first time that SYNTHESIZE 
is executed, it operates on a RSOURCE buffer that has not been 
filled by CORPAR and DECODA/B; therefore the RSOURCE buffers are 


_initialized to contain data that will synthesize silence. 


The data from the RSINK buffer is transferred to an empty 
D/A buffer by the D/A Interrupt Service routine. This routine 


also sets the corresponding RSINK flag to indicate empty. 


This Interrupt Service routine is activated by an interrupt 
from the D/A Scroll program, running in another I/O scroll (the 
AOM, or Analog Output Module). This scroll program transfers 
data from a D/A buffer to the D/A converter, interrupts the CSPU 
when the buffer is empty, and begins transferring data from the 


other D/A buffer. 


2.2.2.1 RMODEM Scroll Program 


The RMODEM scroll program is described in Section 2.2.1.5. 


2.2.2.2 RMODEM Interrupt Service (RMODEMINT) 
The RMODEM Interrupt Service routine is shown in Fig. 10. 


It is activated by a line 2 interrupt from the modem I0S-2 


scroll, which indicates that the next RMODEM buffer is full. The 
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routine updates the RMODEM pointer offset to point to the just- 
ftlled buffer. Then it copies the on-hook bit from the first 
word in the current RMODEM buffer to the integer scalar RONHK, 
where it is saved for use by the ADAM interrupt service routine 


(Section 2.2.1.2). 


Then the integer scalar RERRS is tested. This is normally 
zero, but if it is set to nonzero (by a command from the host 
program), a channel error simulation routine (RMISSIM) is called. 
RMISSIM uses the value in RERRS as the number of errors to be 
introduced (quasi-randomly) per frame. Since there are 522 bits 
per frame, each error contributes about 0.2% to the error rate. 
This error simulation is intended only for demonstration; it is 


not an accurate simulation of an errorful channel. 


The next set of operations deals with frame synchronization. 
Since the receiver has no prior knowledge about the position of 
the frame boundaries in the input data stream, it must infer the 
boundary position from the received data pattern. The first bit 
of each transmitted frame is the sync bit, which alternates 
between 0 and 1 in successive frames; this pattern allows the 
receiver to detect and maintain frame synchronization. The 
synchronization routines are described in Section 2.2.2.2.1 


below. 


RMODEMINT tests the value of RSYNC, an integer scalar that 


maintains the receiver’s sync-state. If RSYNC#0 (as it is when 
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the speech coder is initialized), nothing is known about sync, so 
the SYNCINIT routine is called to initialize the sync-search 
process with the current RMODEM buffer. If RSYNC<0O, then the 
receiver is still searching for sync, so the SYNCSRCH routine is 
called to continue the search using the new data in the current 
RMODEM buffer. In both of these cases, RMODEMINT exits 
immediately. If RSYNC>0, then the receiver has gained frame- 
sync, so the SYNCUPDATE routine is called to check that the 
current RMODEM buffer continues to show the expected synce-bit 
value. Upon the return from SYNCUPDATE, RSYNC is checked again; 
if it has been set to zero, then the receiver has lost sync and 
must again search the incoming bitstream for the = sync-bit 
pattern; therefore SYNCINIT and SYNCSRCH are called to restart 


synce-searching with the previous and current RMODEM buffers. 


If RSYNC is still greater than zero after SYNCUPDATE, then 
synchronization is confirmed, and the receiver makes use of the 
data for speech output. RMODEMINT checks the current RBITS 
buffer flag; if empty, the most recent frame of data is copied 
from the RMODEM buffers to the current RBITS flag, the RBITS flag 
is set to full, and the RBITS pointer offset (RBTPO) is switched 
to the next RBITS buffer. Note that in general, the current 
frame will straddle the previous and current RMODEM buffers. It 
is for this reason that there are three RMODEM buffers, two to 
hold the current frame while the third is being filled by the 


RMODEM scroll program. 
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If, for some reason, the RBITS buffer is not empty (ready to 
accept new data), the new data frame is effectively discarded. A 
frame discard counter (RMFDC) is incremented to take note of 


this, and the routine exits without updating RBTPO. 


2.2.2.2.1 Synchronization Routines 
The SYNCINIT subroutine (Fig. 11) initializes the state of 


the frame synchronization section of the speech coder. 


Its primary function is to copy the data bit of each word of 
the current RMODEM buffer into RSSPF, the "previous frame" memory 
used in SYNCSRCH, and to clear the counts in the RSSSS buffer. 
SYNCINIT also zeros the gain word of both RSOURCE buffers and the 
entire previous RBITS buffer, so that when the speech coder 
receiver resumes operation after regaining sync, the incorrect 
information in these buffers will not produce unwanted transients 
in the speech output. 


\ 


The SYNCSRCH subroutine (Fig. 12) scans the incoming RMODEM 
buffers (one per call), building up statistics on the frame-to- 
frame data patterns in each bit position of the frame until it 
detects a large enough number (ACQTHR) of consecutive bit 
alternations in a single bit position to allow it to identify 


that position as carrying the sync Dit. 


When that occurs, it sets the value of RBOFO ("beginning-of- 


frame-offset") to the distance from the start of the buffer to 
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yes 
Zero gain word (long) 
of RSRA and RSRB 


Zero "other" RBITS 
buffer 


Zero RSSSS buffer 


FIG. 11. FRAME SYNCHRONIZATION INITIALIZATION MODULE (SYNCINIT) ; 
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MAXCNT ~ @ 


RSSSS (1) 
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NMAX + } 
IMAX + J 
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RSYNC + 1 
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ERRSYNC ~ LOSETHR 
LASTERR + 0 

OLDSYNC + RMODEM! IMAY.* 


FIG. 12. FRAME SYNCHRONIZATION SEARCH MODULE (SYNCSRCH) 
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the sync-bit position and RSYNC to +1 to cause RMODEMINT to start 
passing input frames to the speech coder synthesizer on the next 
RMODEM interrupt. SYNCSRCH also initializes three variables that 


are used in subsequent calls to SYNCUPDATE. 


The SYNCUPDATE subroutine (Fig. 13) is used once sync has 
been acquired, to check the sync-bit position of each incoming 


RMODEM buffer to see if it has the expected value. 


It is the function of SYNCUPDATE to declare sync lost if the 
declared sync bit does not show the expected frame~to-frame 
alternation. Since channel errors may cause the sync bit to be 
incorrect, the loss~-of-syne criterion must be more stringent than 
a Single incorrect sync bit. The criterion is a sufficient 
number (LOSETHR) of incorrect sync bits without two consecutive 
correct sync bits. A simpler criterion, such as LOSETHR 
consecutive sync bit errors, would be unsatisfactory, since the 
high-order bit of many speech coder parameters (e.g., energy) may 
have the same value for many consecutive frames, and a constant 
bit would compare "correctly" with an alternating bit sequence 


every other frame. 


The performance of the synchronization routines is 
controlled by two thresholds, ACQTHR and _ LOSETHR. Tt is 
necessary to set ACQTHR high enough so that it is very unlikely 
that SYNCSRCH will detect sync on the wrong bit position. The 


value of LOSETHR must be high enough that SYNCUPDATE is unlikely 
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FIG. 13. FRAME SYNCHRONIZATION UPDATE MODULE (SYNCUPDATE) 
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to declare loss-of-sync due to channel errors falling on the sync 
bit, but small enough that if sync should be lost for some 
reason, the receiver does not synthesize too much "garbage" 
before detecting the loss-of-sync. Of course, while the receiver 
is searching for sync, RMODEMINT does not pass data to the 
synthesizer, so silence is output. For a1l% channel bit error 
rate, the values of ACQTHR=10 and LOSETHR=4 give a probability of 
acquiring false sync of about 0.0002 and an expected time to 


spontaneous loss-of-syne of about 10 hours, respectively. 


2.2.2.3 SYNTHESIZE Module 

The SYNTHESIZE Module implements the APC synthesis algorithm 
described in Section 3 of the Algorithm Specification. As 
described in Section 2.1.3, two versions of the SYNTHESIZE Module 
exist, one for each of the two sets of input/output buffers 
required for double buffering. Each version consists of a 
function list of MAP-300 function calls. The two versions (SYNZA 
and SYNZB) are identical in terms of the sequence of functions 
called and differ only in the parameters (buffers and/or scalars) 


passed to several of the functions. 


As in the case of Saction 2.2.1.3, this section describes, 
on a function by function basis, the SYNZA/SYNZB function lists, 


which also appear in subroutine BBNI6F. 


2.2.2.3.1 Unbitstreaming and Error Correction 


The CORPAR and DECODA/B modules take as input an RBITS 
j 
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buffer containing a frame of bitstream data input from the modem 
and produce as output an RSOURCE buffer containing error- 
corrected and decoded floating point values of analysis/synthesis 
Parameters and residual samples, ready for immediate use by the 


speech coder synthesizer. 


The format of the RBITS buffer is the same as the fMTBITS 
buffer, shown in Table 2 above. The data bits are regrouped, and 
the 77-bit codewords are error-corrected by lookup in an inverse 
Hammins code table. The bits are then grouped into coded 
parameter values and decoded by lookup in parameter-specific 
decoding tables of floating-point values. (As noted in Section 
2.2.1.3.13, the gain and delta-gain decoding tables differ from 
the ones in the Algorithm Specification by a scale factor.) The 
format of the RSOURCE buffer is similar to that of the TSINK 
buffer (Table 1), except that the half-word coded TSINK values 


are replaced by full-word (32-bit) floating point values. 


As in the case of the error-protection and bitstreaming 
Operation, the unbitstreaming, error-correction, and decoding 
operation is performed by two separate modules, which are part of 
the SYNTHESIZE function list. CORPAR does the operations on the 
analysis parameters, while DECODA/B performs unbitstreaming and 
decoding on the residual samples. Unlike the other "bit-pushing" 
modules, DECODA/B is an AP module. (There are two distinct DECOD 


modules. DECODA decodes from buffer RBTA to buffer RSRA; DECODB 
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decodes using the other pair of buffers. The SNAP-II Executive 
permits the definition of only 63 distinct data buffers; this 
proved to be too few to allow the definition (to SNAP-II) of the 
RBITS buffers. Therefore, two DECOD modules for the APS were 
created, each with the parameters of its data buffers “hard 


bound" in the source code.) 


2.2.2.3.2 Begin Function List 


MPBFL (SYNZA/B) 


This CSPI function specifies the start of the 
indicated function list. 


2.2.2.3.3 Clear G-flag 


MPGSC (IG3, ICLR) 


This BBN function causes general purpose flag G3 to be 
cleared, indicating the start of SYNZ processing. This 
use of flag G3 is intended for system debugging, timing, 
and internal measurement and is not required for proper 
operation of the speech coding software. 


2.2.2.364 Receiver Data Distribution 


DEAL (RSRA/B,RGH,RDGH, RMH, RCH, RKH) 


This BBN function distributes all decoded parameter 
data from a single buffer (RSRA/RSRB) to separate buffers 
and scalars. (The decoded residual data will be read 
directly from RSRA/RSRB by the SCLRES function.) 
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2.2.2.3.5 Receiver Frame History Buffer Update 


VMOV (RRH, RRHO) 


This CSPI function performs a frame history update on 
a single buffer. The last-frame data from the end of the 
buffer (RRHO) is moved to the beginning of the buffer 
(RRH) for use during current frame processing. 


i 
2.2.2.3.6 Residual Scaling 


SCLRES (RWH, RGH, RDGH, RUHA/B) 


scales the received APC residual (RUHA/RUHB are 
equivalent to the beginning of the RSRA/RSRB) into buffer 
RWH, aS indicated in Sections 3.2 and 3.3 of the 
Algorithm Specification. 


{ 
| 
This BBN function computes quantizer scale factors and | 
| 
d 


222026307 Spectral Synthesis 
VLTSY (RVH, RVHM, RKH, RWH) 


This BBN function performs a lattice-form spectral 
synthesis filtering operation on the scaled APC residual 
(RWH) as indicated in Section 3.5 of the Algorithm 
Specification, using reflection coefficients (RKH) 
directly. The output is in  RVH. (This function 
implements an 8-pole filter; we are using it with the 
last two coefficients zeroed to implement a 6-pole ' 
filter.) f 


2.2.2.3.8 Decoding of Previous Frame Receiver Residual Data and 
Error Correction on Previous Frame Receiver Parameter 
Data 


DECODB/A i 
CORPAR (B/A) a 
MPWT (PRCSR, AP) li 
MPIST (RBTFB/A,0) 7 
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These functions (DECODB/DECODA and CORPAR are BBN- 
written; MPWT and MPIST are CSPI~supplied) decode the 
previous frame received residual samples and error- 
correct the previous frame received parameter data (from 
RBTB/RBTA), depositing decoded data in buffer RSRB/RSRA. 
The appropriate buffer status flag (RBTFB or RBTFA) is 
cleared, indicating that the associated buffer can now be 
considered empty (i.e., ready to be filled with new 
received coded data). The last three function execute in 
the CSPU while the first executes in the AP. (See 
Section 2.2.2.3.1 for a more detailed discussion of 
DECODA/DECODB and CORPAR.) 


2.2.2.3.9 Pitch Synthesis 


PITSYN (RRH, RMH, RVH, RCH) 


This BBN function performs a pitch synthesis filtering 
operation as indicated in Section 3.6 of the Algorithm 
Specification. The input is in RVH, and the output is in 
RRH. 


2.2.2.3.10 Deemphasis 


DFL22 (RRHDA/B, RDCFO,RRHO, RDMYO) 


This CSPI function does signal deemphasis as indicated 
in Section 3.7 of the Algorithm Specification. The 
filter coefficients are in four consecutive scalars 
Starting with RDCFO. The. filter memory is in four 
consecutive scalars starting with RDMYO. The synthesized 
speech is stored in RRHDA/RRHDB (equivalent to 
RSNKA/RSNKB). 


2.2.2.3.11 Output Ready 


MPWT (PRCSR,AP) 
MPIST (RSNFA/B, 1) 


These CSPI functions set the appropriate buffer status 
flag (RSNFA or RSNFB) once the previous function has 
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completed, indicating that the associated buffer is full 
(i.e., ready to be emptied). 


2.2.2.3.12 End of Function List 
MPEFL (SYNZA/B) 


This CSPI function specifies the end of the indicated 
function list. 
2.2.2.4 D/A Interrupt Service Routine (AOMINT) 

AOMINT is activated by each AOM line 1 interrupt, signifying 
the emptying of a D/A output buffer by the AOM scroll program. 
Its operation, as illustrated by Fig. 14, is analogous to that of 
the TMODEMINT routine, the only difference being the copying of 
synthesis output data from RSINK buffers to D/A buffers for 
Output to the AOM. If an RSINK buffer is not available (full), a 
buffer of silence is output in its place. This happens whenever 
the speech coder is not receiving data from the remote speech 


coder and during frame synchronization or resynchronization. 


2.2.2.5 D/A Scroll Program (DAPROG) 

Speech output is performed by the AOM, an I0OS-2. scroll 
Processor that contains two D/A converters. The AOM gets its 
Sample output clock from the SPI, and it sends the D/A output 
Signal to the SPI for subsequent low-pass filtering and output. 
The signal is in the range -5 to +5 volts, and the sample rate is 


6.621 kHz, the same as for the A/D input. 
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Device 22, line 1 interrupt 
when D/A buffer is empty. 


x=AorB 
Incr. RSNNR 


Copy "silence" 
data from RSNKC 
to D/A buffer 


Clear RSINK(x) 


flag to show 
empty 


FIG. 14. D/A INTERRUPT SERVICE ROUTINE (AOMINT) 


ie 


Bolt Beranek and Newman Inc. Report No. 4565 


The AOM program (DAPROG) is illustrated in Fig. 15. In 
"single-channel" mode, the AOM outputs an = internally-generated 
value on D/A Channel 0 while it converts speech samples from MAP 
memory on D/A Channel 1. The Channel 0 signal is a ramp that is 
reset each frame time; it is irrelevant to speech coder 
operation, but it may be used for synchronization or horizontal 


sweep on an external oscilloscope. 


The operation of DAPROG is analogous to that of ADPROG. 
Output begins from buffer RDABA, and when the end of that buffer 
is reached, a line 1 interrupt is sent to the CSPU, and buffer 
RDABB is selected. Reaching the end of RDABB produces’ another 


line 1 interrupt and a switch to RDABA, and so forth. 


2.2.2.6 Receiver Input/Output Buffer Initial Sequence 
The buffer start-up sequence for the speech coder receiver 


is described below. 


The RMODEM scroll program starts by writing received data 
words into buffer RMDMA, sending an interrupt when it is filled. 
Upon the initial interrupt, RMODEMINT begins by using RMDMA for 
frame-sync initialization. Since frame-sync has not yet been 
acquired, RMODEMINT does not output any data. Successive RMODEM 
interrupts cause RMODEMINT to use buffers RMDMB, RMDMC, RMDMA, 
etc. for further frame-sync searching until, after at least 12 
input frames, sync has been found. Then RMODEMINT will copy a 


frame of bitstream data from the RMODEM buffers to buffer RBTA 
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Set sample ptr Set sample ptr 
to buffer A to buffer E 
origin -] origin -] 


— KS 
D/A's ready? 


yes yes 


Output ramp on Output ramp on 
Chnl. @ Chnl. @ 
Incr. sample ptr Incr. sample ptr 


Transfer sample Transfer sample 
from memory to from memory to 
D/A Chni. 1 D/A Chnl. 1 


Interrupt CSPU Interrupt CSPU 
on line 1 on line 1 


FIG. 15. DAPROG: AOM SCROLL PROGRAM 
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and set the flag RBTFA=l1. The background process will execute 
SYNZ2B first, since RBTFA=1 and RSNFB is initialized to 0. SYNZB 
writes the first synthesized speech data in buffer RSNKB and sets 
the flag RSNFB=1. The AOMINT interrupt routine is initialized to 
expect the first synthetic speech data in buffer RSNKB, so when 
it is next activated, that buffer is copied into a D/A buffer for 


output by the AOM scroll program. 


Meanwhile, the AOM scroll program has started by reading 
data (initialized to silence) from buffer RDABA, sending an 
interrupt, going on to RDABB, etc. These AOM interrupts activate 
AOMINT, whose task is to copy new synthesized speech data _ from 
RSINK buffers (initially RSNKB) to the just-emptied D/A buffers 
(initially RDABA). On its first several (usually 13) 
activations, AOMINT finds RSNKB empty, because the receiver has 
not yet gained frame-sync, so AOMINT copies a buffer of silence 
from buffer RSNKC to the D/A buffers instead. On the next 
activation after SYNZB has run, AOMINT finds RSNKB full, so it 
copies it to the D/A buffer, and thereafter all data buffers are 


alternately filled and emptied without conflict. 


2.3 SYSTEM HARDWARE 


The 16 kb/s speech coder system is implemented on a MAP-300 
array processing computer, which is manufactured by CSP Inc., of 


Billerica, Mass. Section 2.3.1 describes the configuration of 
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MAP-300 equipment that is necessary for the speech coder system. 
Section 2.3.2 describes the additional audio signal interface and 
IOS-2SM scroll modifications for connection to a modem that 


complete the system. 


2.3.1 MAP-300 Hardware 


The MAP-300 configuration that was specified by Defense 
Communications Agency for the implementation of the speech coder 


System is listed below. 


1030 MAP-300 Processor 

2030 8K x 32 MOS Master Memory, 500 nsec, Bus 
2050 16K x 32 MOS Slave Memory, 500 nsec, Bus 
2203 8K x 32 MOS Master Memory, 300 nsec, Bus 
2410 4K x 32 MOS Master Memory, 170 nsec, Bus 
3110 PDP-11 Interface 

4020 Model 2SM I/O Scroll 

4040 Bus Switch (for Model 2SM I/O Scroll) 
5120 Analog Data Acquisition Module 

5130 Analog Output Module 

6100 Expansion Chassis 

6200 Auxiliary Power Supply 


WNHOHE 


PRRPRPNP RP RPP RPP 


2.3.2 Audio and Modem Interface Hardware 


In addition to the MAP-300 equipment listed above, two other 
pieces of equipment enable the MAP-300 to function as a complete, 
stand-alone speech coder system: an audio signal interface and a 
digital data interface to a modem. These two items were designed 
and built by the GTE Sylvania Electronic Systems Group in 
Needham, Mass. (see [1], Appendix A). Identical interfaces were 
provided for all three DCA MAP-300 systems so that they would be 


interchangeable at the hardware level. 
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The audio signal interface consists of a handset, tape input 
and output jacks, and circuitry for the amplification, 
equalization, and filtering necessary for interfacing speech 


input and output signals to the MAP-300 A/D and D/A converters. 


The modem interface consists of modifications to the MAP-300 
I0S-2SM scroll processor for the purpose of transferring data 
from MAP memory to the modem and also data from the modem _ into 
MAP memory. Two real-time clocks derived from a single master 
oscillator are also provided for controlling the modem data _ rate 


and the speech sampling rates. 


2.4 SYSTEM SOFTWARE 


The speech coder software consists of two distinct sets of 
modules. The first set is made up of modules that run in the 
MAP-300, including CSPI-supplied as well as BBN-written programs. 
Section 2.4.1 describes the MAP-300 modules that must be loaded 
into the MAP-300 processor before the speech coder can be 


operated. 


The second set of software modules consists of FORTRAN 
routines that run in the PDP-1ll. These routines make use of the 
CSPI-supplied SNAP-II software system to initialize and start the 
MAP~300 speech coder programs. Section 2.4.2 describes these 


routines. 
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2.4.1 MAP-300 Software Components 


All MAP-300 processing is done in conjunction with Release 
3.5 of the CSPI-supplied SNAP-II software system. For the most 
part, BBN-written MAP-300 programs take the form of new AP or 
CSPU functions, callable via the standard SNAP-II calling 
procedure. In addition, BBN-written interrupt service routines 
and input/output scroll programs have been added to the 


executive. 


CSPI-supplied MAP-300 software necessary for speech coder 
operation is described in Section 2.4.1.1. MAP-~300 speech coder 


software written by BBN is described in Section 2.4.1.2. 


Fig. 16 shows the MAP-300 memory organization, including the 
location of CSPI and BBN software, as well as the location of 


buffers defined in the speech coder system. 


2.4.1.1 CSPI-Supplied MAP-300 Software 
The following CSPI-supplied MAP~300 software modules are 


required for speech coder operation: 


SNAP-II Software System Release 3.5 Model 8300-RSX11M. 
(This package includes the SNAP-II Executive and the 
Standard and Extended Array Functions.) 


SNAP-II Input/Output Scroll Package Release 0.1 
Model 8400-RSX1I1M. 
(This package includes the SNAP-II IOS Modules.) 
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These software modules are described in CSPI documentation 


{[2,3,5]. 


2.4.1.2 BBN-written MAP-300 Software 

BBN-written additions and modifications to the SNAP-II 
software system are contained in four separate files. (For all 
BBN-written MAP-300 modules, a file extension of .MSO designates 
"MAP source", .MOB designates "MAP object", and .MLI designates 
"MAP listing".) The files with first name "BBNI16M" contain added 
SNAP-II functions (array and non-array) for algorithmic and 
system support processing. "BBN16T" contains tables’ for 
quantization and decoding. "“BBN16U" contains the error 
protection and correction modules, ADAM, AOM, and IOS-2 programs, 
and CSPU routines that respond to interrupts from these devices. 
These programs and routines are described in Section 2.2 of this 
report. "BBNIEéP” contains patches to Release 3.5 of the SNAP-II 
executive. Assembly-listings of these four files appear in 


Appendix D of this report. 


BBN-written SNAP-II functions are functionally described in 
Appendix A of this report. Each function has been assigned a 
Function Control Block (FCB) number. An entry has been made for 
each new FCB in the Function Dispatch Table (FDT), indicating the 
location of the APU, APS and/or CSPU module(s) that implement the 


associated function. 


Several unused CSPI-supplied functions, normally available 
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with Release 3.5 of the SNAP-II software system, have been 
disabled to provide room in the FDT for BBN-written functions. 
The following SNAP-II functions are unavailable once the BBN- 


written MAP-300 software has been loaded. 


CXMUL (FCB# 182) CMML (FCB# 220) 
CXMUL (FCB# 183) CMINV (FCB3 224) 
CSMAI (FCB# 188) MWLD (FCB# 225) 
CSMA2 (FCB# 189) ADMRB (FCB# 229) 
FF2D (FCB# 212) VHIST (FCB# 230) 

VRAN1 (FCB# 235) 


These functions can be made available by reloading the SNAP-II 


software system without loading BBN-written MAP-300 software. 


In addition, the standard SNAP-II interrupt routines for 
interrupts from Device 16 (Lines 1 and 2), Device 22 (Line 1), 
and Device 23 (Line 1) have been modified to transfer control to 
BBN-written interrupt routines. The standard interrupt routines 
for these devices can be similarly accessed by reloading the 


SNAP-II Executive without loading BBN-written MAP-300 software. 


2.4.2 PDP-11 Software Components 


The proper operation of the speech coder is defined and 
controlled by a group of programs running in the PDP-1l. These 
programs include a set of SNAP-II support subroutines and a MAP- 
300 driver, supplied by CSPI, as well as a number of FORTRAN 
programs written by BBN that make use of the CSPI~supplied 
routines to perform the specific task of defining and controlling 


the operation of the speech coder in the MAP. 
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CSPI-supplied PDP~1l programs are described in Section 


2.4.2.1. PDP~1l programs written by BBN are described in Section 


2.4.2.2. 


2.4.2.1 CSPI-Supplied PDP-11 Software 


The following CSPI-supplied PDP~1ll software modules are 
required for speech coder operation: 

SNAP-II Software System Release 3.5 Model 8300-RSX11M. 
(This package includes the SNAP-II Host Support Packages 
for Standard and Extended Array Functions.) 
SNAP-II Input/Output Scroll Package Release 0.1 Model 
8400-RSX11M 
(This package includes the SNAP-II IOS Host Support 
Package.) 


DEC RSX-11M I/O Driver Model 8901 


These software modules are described in CSPI documentation 


(2,3,5,6,7]. 


2.4.2.2 BBN-written PDP~1ll Software 

A set of BBN-written FORTRAN programs performs the multiple 
tasks of defining and initializing MAP-300 buffers and scalars 
and of defining and executing the sequence of functions in the 
MAP that perform the actual speech coding operations. These 
FORTRAN programs are Organized around a single mainline program 
(BBN16R), which calls, in turn, subroutines to configure MAP 
buffers and scalars (BBN16C), initialize these buffers and 


scalars (BBNI6I), define function lists for various speech coder 
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tasks (BBNI16F), and interact with the user in controlling the 
execution of these function lists (DCA96E). These subroutines 


are described in Sections 2.4.2.2.1 through 2.4.2.2.4 below. 


2.4.2.2.1 Buffer and Scalar Configuration (BBN16C) 

The task of defining MAP~300 buffers and scalars to the 
SNAP-II executive is performed by subroutine BBN16C. Upon entry, 
this routine first initializes tthe SNAP-II executive via _ the 
MPOPN function. All SNAP-II buffers are then configured using 
the MPCLB function, with buffer ID numbers, sizes, and addresses 
defined symbolically within the BBN16C routine. In general, 
transmitter buffer names begin with "T", while receiver buffer 
names begin with "R". Buffer sizes are stored in variables named 
by prefixing an "S" to the the buffer name. Similarly, buffer 
addresses are stored in variables named by prefixing "A" to the 
buffer name. The buffers used in the speech coder system are 
listed in Appendix B. All real scalars and integer scalars are 
then defined by assigning scalar ID numbers to the associated 
symbolic scalar names. Transmitter scalar names generally begin 
with "T", while receiver scalar names begin with "R". Real and 
integer scalars used in the speech coder system are listed in 


Appendix C. 


All buffer and scalar names (and certain buffer sizes and 
addresses) are included in FORTRAN labeled COMMON blocks, which 


permit all other FORTRAN subroutines in the speech coder system 
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to reference these symbolic buffer and scalar names in their 


calls to SNAP-II functions. 


2.4.2.2.2 Buffer and Scalar Initialization (BBNI6I) 

MAP-300 buffers and scalars are set to their initial values 
by subroutine BBNI16I.° Only certain buffers and scalars require 
such initialization. Appendices B and C indicate the proper 
initial contents of MAP buffers, real scalars, and integer 


scalars. 


File "BBN16I" also contains several FORTRAN subroutines 
called by DCA96I and used to calculate the initial contents of 
certain buffers. Included are subroutines that generate a 
square-wave of a given frequency and amplitude (SQWAV) and a 


Hamming window of a given size (HAMMNG). 


2.4.2.2.3 Control Structure Definition (BBNI16F) 

Subroutine BBNI6F defines several function lists that 
specify the operation of the speech coder system. Function list 
ID numbers are defined symbolically. The FORTRAN variables 
containing the function list ID numbers are included in a labeled 


COMMON block so that they can be referenced by other subroutines. 


As part of the function list definition task, subroutine 
BBN16F produces pre-bound versions of all of the SNAP-II array 


functions used in the speech coder system. Pre-binding is a 


SNAP-II operation that causes function parameter information, 
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normally communicated to the function at execution time, to be 
"bound" to the function at some earlier time (in this case at 
system initialization time). Approximately 6100 half-words are 
required on Bus 1 to store the pre-bound versions of the speech 


coder array functions. 


Function lists ANLZA, ANLZB, SYNZA, and SYN2ZB are defined 
for the analysis and synthesis sections of the speech coder. 
(Since the system is double-buffered, the analysis and synthesis 
function lists are each defined twice to allow for the different 
sets of input and output buffers.) These function lists specify 
the sequence of MAP-300 array and non-array functions, operating 
On the system buffers and scalars previously defined, that 
implement the analysis and synthesis processes described in 


Sections 2.2.1.3 and 2.2.2.3 of this report. 


The analysis and synthesis function lists described above 
are used in the specifications of several other function lists 
that define the outer structure of the speech coder system. 
Function list BBNLP defines the real-time speech coder loop, 
executing function lists ANLZA, SYNZA, ANLZB, and SYNZB when 
buffer status flags indicate that the input buffers are full and 
the output buffers are empty for each of these processes. 
Function list BBNRTS defines the start-up sequence for the real- 


time speech coder system, starting the Modem, ADAM, and AOM 


Scroll processors, and repeatedly executing the BBNLP function 
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list described above. This repeated execution is conditioned on 
the contents of MAP integer scalar RUN being non-zero; hence, the 
Speech coder can be stopped by setting RUN to zero. Function 
list BBNRST restarts the real-time speech coder by setting RUN to 
non-zero and reinitiating the repeated execution of the real-time 


speech coder loop. 


Two other function list definitions are included in this 
Subroutine to support non-real-time file-to-file speech coder 
Operation, speech coder timing operation, and speech coder 
oscilloscope display operation (for detailed internal timing). 
These modes of speech coder operation are not supported, and can 
not be invoked, in the delivered speech coder system. They were 
used for system development and debugging use under the RT-11 
Operating system and are included here to aid in future additions 
to the speech coder system. Function list BBNFFT specifies the 
Speech coder loop with explicit calls to functions that execute 
the A/D, RMODEM, TMODEM, and D/A interrupt routines. Function 
list BBNTIM repeatedly invokes a sequence of six BBNFFT function 
list executions (one for each possible combination of input = and 
output buffers), with software simulation of the transmitter-to- 
receiver communication path occurring after each BBNFFT 


execution. 


All SNAP-II functions are called via PDP-1l1l support 


subroutines that perform the actual communication with the MAP 
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driver. These subroutines are contained in library SNPLIB for 
CSPI~supplied functions and in file BBN16H for BBN-written 


functions. 


2.4.2.2.4 System Software Execution (BBN16E) 

The execution of the speech coder system is controlled by 
subroutine BBNI6E. This subroutine starts the real-time speech 
coder system by first loading the Modem, ADAM, and AOM Scrolls 
with their respective programs, and then executing the real-time 
speech coder start-up function list (BBNRTS) described in the 
preceding section. It then interacts with the user, responding 
to single-character commands to halt the speech coder (°Q*), 
enable/disable error simulation (°E*%), enable/disable error 
correction (“C*), cause the Speech coder to lose = sync 
artificially (°L*), type out a group of speech coder’ state 
scalars (°T*), and suspend the controlling RSX-11M task, allowing 


the speech coder to continue executing in the MAP-300 (°S”). 


Provision is included in this subroutine for the user to 
select other speech coder modes of operation, specifically file- 
to-file, timing, and oscilloscope display modes. However, this 
mode selection process is bypassed in the delivered speech coder 
system, and real-time speech coder execution mode is forced. As 
described in the previous section, these other operating modes 
are not supported, and cannot be invoked, in the delivered speech 


coder system. They were used for system development 3 and 
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debugging and are included here to aid in future additions to the 
Speech coder system. File BBN16D contains dummy versions of 
various system-dependent subroutines, which constitute the 
unsupported software portions of these unsupported modes of 


speech coder operation. 


2.5 SYSTEM TIMING PERFORMANCE 


The speech coder system introduces a total delay of 9 
frames, corresponding to 293.6 milliseconds, between voice input 
and synthesized voice output (not including any delays in 
transmission). This consists of 4 frames of delay introduced by 
the transmitter portion of the system and 5 frames of delay 
contributed by the receiver portion. In the transmitter, a frame 
of delay each is produced by the buffering in the ADAM scroll 
program, the ANALYZE processing module, and the TMODEM scroll 
program. In addition, the ANALYZE module introduces a frame of 
"folding" delay due to the concurrent execution of the ANALYZE 


module and the PROPAR/PRORES modules (see Section 2.2.1). 


In the receiver, two frames of delay are contributed by the 
buffering in the RMODEM scroll program, and a frame each is 
produced by buffering in the SYNTHESIZE processing module and the 
AOM scroll program. In addition, the SYNTHESIZE module 
introduces a frame of "folding" delay due to the concurrent 


execution of the SYNTHESIZE module and the CORPAR and DECODA/B 


modules (see Section 2.2.2). 
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The observed internal timing of the speech coder modules is 
shown in Fig. 17. This figure reflects data obtained by running 
the speech coder in a loop without the ADAM, AOM, and MODEM 
scroll processors and observing the states of the MAP-300 RA flag 
(APU run) and G-flags with an oscilloscope. The speech coder was 
provided with simulated A/D input data. ADAM, AOM, and MODEM 
scroll interrupt routines were omitted from the timing loop. 
These interrupts were timed separately, and their execution times 
are indicated at the end of the figure. Including these 
interrupt routines, Fig. 17 shows a total processing time of 30.0 
milliseconds for a 32.625 millisecond frame of data, or about 
0.92 times real time. (This is the worst case total processing 
time. If the ADAM, AOM, or MODEM scroll interrupts were to occur 
while the AP were running and the CSPU were idle, some or all of 
the interrupt routine execution time would be hidden behind the 


concurrent AP routine.) 
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3. SOFTWARE OPERATING PROCEDURES 


The installation and execution of the speech coder system 
software are accomplished using the RSX~11M operating system as 
well as MAP-300 support software supplied by CSPI. It is assumed 
that the RSX-11M operating system, the MAP-300 device drivers, 
the MAP-300 loaders, and the SNAP-II software system have all 
previously been installed prior to the speech coder system 


installation. 


After the speech coder system software has been installed, 
the speech coder can be executed by using the procedure given in 
Section 3.1. The software installation procedure is given in 


Section 3.2. 


3.1 SOFTWARE EXECUTION PROCEDURE 


The speech coder system execution procedure consists of two 
Major steps. First, both MAP-300 processors in the full-duplex 
speech coder system must be loaded from the host PDP-11 with 
identical copies of the speech coder MAP~300 software. Second, 
two RSX-11M tasks must be run to initialize and start the two 


MAP-300 speech coders. 


The following Files must be disk-resident before speech 


coder execution can be attempted: 


BBN16X .MBN (MAP Binary file) 
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BBA1L6.TSK (Host Task for MAP #A) 
BBB16.TSK (Host Task for MAP #B) 


If these files do not exist, they must be created according to 


the speech coder system software installation procedure given in 


Section 3.2. 


The following dialog indicates the proper command sequence 
for full~duplex speech coder system execution. User commands are 


underscored to differentiate them from computer responses. 


>SET /UIC=[6, 260] 


>ALLOCATE MA: **allocate MAP #A** 
>ALLOCATE MB: **allocate MAP #B** 
>INSTALL BBA16 

>INSTALL BBB16 

>RUN [6,100] QLA **load MAP #A** 
*BBN16X .MBN 

TTL -~ STOP 


>RUN [6,100] QLB **load MAP #B** 
*BBN15X .MBN 
TT1 -~ STOP 


>RUN BBA16 **start MAP #A** 
BBN 16K BPS SPEECH CODING SYSTEM 


CONFIGURING MAP BUFFERS AND SCALARS... 

INITIALIZING MAP BUFFERS AND SCALARS... 

PREBINDING MAP FUNCTIONS AND DEFINING FUNCTION LISTS... 

EXECUTING BBN16 SPEECH CODER... f 
SPEECH CODER IS IN OPERATION. 


COMMANDS ARE: 
S: SUSPEND TASK (LEAVING SPEECH CODER RUNNING) 
Q: QUIT (HALT SPEECH CODER) 
N: SIMULATE N ERRORS PER FRAME 
N: ERROR-CORRECT IF N=0 
3 CAUSE RCVR TO LOSE SYNC 
: TYPE OUT SPEECH CODER STATE 


ENTER COMMAND: S | 
BBA16 -- PAUSE (SPEECH CODER CONTINUING) 
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>RUN BBB16 e*estart MAP #B** 
BBN 16K BPS SPEECH CODING SYSTEM 


CONFIGURING MAP BUFFERS AND SCALARS... 

INITIALIZING MAP BUFFERS AND SCALARS... 

PREBINDING MAP FUNCTIONS AND DEFINING FUNCTION LISTS... 
EXECUTING BBN16 SPEECH CODER...... 

SPEECH CODER IS IN OPERATION. 


COMMANDS ARE: 
8: SUSPEND TASK (LEAVING SPEECH CODER RUNNING) 
Q: QUIT (HALT SPEECH CODER) 
E N: SIMULATE N ERRORS PER FRAME 
C N: ERROR-CORRECT IF N=0 
Ls CAUSE RCVR TO LOSE SYNC 
Ts TYPE OUT SPEECH CODER STATE 


ENTER COMMAND: 
BBB16 -- PAUSE 


AIM 


SPEECH CODER CONTINUING) 


At this point in the command sequence, the full-duplex speech 
coder system should be in operation. Host tasks BBA16 and BBB16 
can be resumed (for interaction with the speech coder software) 
by invoking the RSX-11M "RESUME" command. The speech coder 
system can be halted either by responding with "Q" to the "ENTER 
COMMAND:" typeout from BBA16 and BBB16 or by aborting the BBA16 


and BBB16 tasks through the use of the RSX-11M "ABORT" command. 
3.1.1 Optional Software Execution Procedure 


Throughout the BBN16 Speech Coder MAP software, we have 
included code to set and clear various general-purpose flags (G- 


flags). These flags are used mostly for debugging, timing, and 


system measurement purposes; the manipulations are not required, 


4565 


Bolt Beranek and Newman Inc. Report No. 


in general, for speech coder operation. Although these G-flag 
manipulations are strictly legal and proper according to CSPI 
documentation, they seem to induce "Bus 1 Memory Timeout" errors 
after apparently random amounts of time (ranging from a few 
minutes to several hours). For this reason, we have delivered 
with the system a patch file (NOGF16.MOB) which, when loaded into 
the MAP over the BBN16 speech coder software, no-op*’s all G-flag 
Manipulations not needed for speech coder operation. This file 
can be loaded into the MAP processors (following the load of 
BBN16X) using the following command sequence: 

>RUN [6,100]MALD 

OBJECT INPUT? NOGF16.MOB 


BINARY OUTPUT?(carriage return) 
TT1 -- STOP 2 


>RUN [6,100]MBLD 
OBJECT INPUT?NOG"16.MOB 


BINARY OUTPUT? (ci -riage return) 
TT1 -- STOP 2 
> 


3.1.Z Analog Input Level Setting 


The BBN16 speech coder software includes a facility for 
monitoring the peak input speech level. This facility allows the 
level to be set properly when the speech coder is being fed from 
an adjustable level signal source (Such as a tape deck). The 
peas input level is maintained in integer scalar TADPK. TADPK 
‘aro be )=«6displayed (along with a number of other scalars) during 


-e- coder operation by entering a “f° in response to the 


TT MAE NTI. 7 
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so the desired peak input level is approximately 1500-2000. A 
peak level above about 2000 introduces a potential input signal 
clipping condition, while a peak level below about 1500 does not 
take full advantage of the system’s available dynamic range. The 
“T° command resets TADPK to 0, so the displayed value pertains 


only to the time interval since the previous “T* was typed. 


3.2 SOFTWARE INSTALLATION PROCEDURE 


The speech coder system software installation procedure 
consists of two major steps. First, the speech coder MAP-300 
software must be converted from MAP object format to MAP binary 
format. Second, two RSX-11M tasks (for initializing and starting 


the two MAP-300 processors) must be task-built. 


The following files must be disk-resident before speech 


coder software installation can be attempted: 


BBN16X.MOB (MAP object file) 
(This file consists of the following 
concatenated files, with intervening 
"“PFFF" lines deleted: 


S300EX .MOB 

EAF300.MOB 

10S 300 ..MOB 

BBN16M.MOB 

BBN16U .MOB 

BBN16T .MOB 

BBN16P .MOB) 
BBN16C.FOR (HOST FORTRAN module) 
BBN16D.FOR ( : ) 
BBN16E.FOR ( : ) 
BBNIG6F.FOR ( i ) 
BBN16H.FOR ( 2 ) 
( " ) 


BBN161.FOR 
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BBN16R.FOR ( ss ) 


If these files do not exist, they must be recopied to disk 
from the RSX PIP-format "BBN 16 kb/s speech coder s/w" magnetic 


tape delivered with the speech coder system, 


The MAP-300 speech coder software should be converted from 
MAP object format to MAP binary format using the following 
command sequence: 
>RUN [6,100]MALD 
OBJECT INPUT?BBNL6X.MOB 
BINARY OUTPUT?BBN16X.MBN 
LOAD MAP?(Y OR N) N 
TT1 -- STOP 2 
> 
The two RSX-11M tasks (for initializing and starting the two 
MAP-300 processors) should be generated next. First, all FORTRAN 
speech coder modules listed above must be compiled. Then the two 
tasks must be task-built, with each task including the compiled 
FORTRAN object modules, the CSPI-supplied SNAP host support 
library modules, and the appropriate CSPI-supplied MAP device 


driver for MAP #A or MAP #B. The following command sequence will 


accomplish this procedure: 


| 
> 
2] 


BBN16C=BBN16C.FOR/CO: 35 


BBN16D=BBN16D.FOR/CO: 35 
BBN16E=BBNI16E.FOR/CO: 35 
BBN16F=BBNI16F.FOR/CO: 35 
BBN16H=BBNI6H.FOR/CO: 
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BBN145R=BBN16R.FOR/CO: 35 
**build host task for MAP #A** 
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TKB>BBA16/FP/CP=BBN16R, BBN16C,BBN16D 
TKB>BBNL6E, BBN16F, BBN16H, BBN16L 
TKB>[6,100]SNALIB/LB 

TKB>/ 

ENTER OPTIONS: 

TKB>UNITS=11 

TKB>ASG=TI:7 

TKB>ASG=MA: 10 

TKB> 

>TKB **build host task for MAP #B** 
TKB>BBB16/FP/CP=BBN16R, BBNI€éC, BBNL6D 
TKB>BBNL6E, BBNL6F,BBNI6H, BBNI6I 


i TKB>[6, 100] SNBLIB/LB 
2 TKB>/ 


ENTER OPTIONS: 
TKB>UNITS=11 
TKB>ASG=TI:7 
TKB>ASG=MB: LO 


TKB>// 
> 


ep eni nt aaege a eee 


The speech coder system software is now installed. The 


ae 


speech coder can be executed by using the procedure given in 


Section 3.1. 
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APPENDIX A 
BBN-WRITTEN FUNCTION DESCRIPTIONS 


This Appendix contains a complete user-level description for 


each MAP-300 SNAP-II function written by BBN and used in the 
speech coder implementation. The descriptions are ordered | 


alphabetically by function name. 


Functions that were used in the speech coder implementation i 
and are not described here were supplied by CSPI as part of the 


SNAP~-II Software System (see Sections 2.4.1.1 and 2.4.2.1). 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: ADINT 
NAME EXPANSION: Simulate A/0 interrupt 


FCB @: 124 
ARRAY OR NON-ARRAY FONCTION: Non-array 


APU MODULE NAME: 
APS MODULE NAME: -- 
CSPU MODULE NAME: ADAMINT 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE 
None 


NUMBER OF OUTPUT SAMPLES: -- 
NOTES: 


PUNCTION DESCRIPTION: 


This SNAP callable function calls the ADAMINT A/D Interrupt Service module 
in exactly tne same manner as it is used to respona to A/D interrupts, so it 
may be used to simulate such an interrupt. See Section 2.2.1.2. 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION \ 4 


FUNCTION NAME:  ADPEAK (U) 
NAME EXPANSION: Monitor peak sianal from the A/D i 4 


FCB #: 182 
ARRAY OR NON-ARRAY FUNCTION: Array | 


: ADPKU 
APS MODULE NAME: ADPKA 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS 
Buffer U 1-63 Real Input 


NUMBER OF OUTPUT SAMPLES; |, in integer scalar TADPK 
NOTES: -- 


FUNCTION DESCRIPTION: 


Maintains a runnina peak absolute value of the data in the input buffers 
given to it on successive calls. The running peak js maintained as an integer 
value (to facilitate monitoring the peak level) in the inteaer scalar TADPK. 
Since SNAP-I[I standard binding does not support binding an integer scalar to 
an array function, the address of TADPK is “hard bound” {n the APS module 
source code. 

The input buffer is assumed to contain signals in the range -] to +1 from 
a 12-bit A/D converter. The integer value maintained in TACPK falls in the 
ranae 0-2047. 


| 
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BBN-WRITTEN SNAP~II FONCTION DESCRIPTION 


PUNCTION NAMB: APC(Y,A,U,V,W,R,S,T) 
NAME EXPANSION: APC loop 


FCB #: 199 

ARRAY OR NON~ARRAY FUNCTION: Array 
APU MODULE NAME: APCUS 

APS MODULE NAME: APCSS 

CSPU MODULE NAME: SB8MSAPC 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS 
Buffer Y 1-63 Fixed =e, Output: Codéd residual samples 
Real Scalar A 0-191 Real Input: Pitch lag 
Buffer U 1-63 Real (Y8S) Input: Preemphasized apeect 
Buffer V 1-63 Real (15) Input: Filter coeffs: spectral, 
3 pitch, 6 ee aping 
Buffer W 1-63 Real (6) Input: duane er segment scale 
fector, alternatina 
with their reciprocals. 
Buffer R 1-63 Real (432) Input/Ousput: Pitch Filter History: 
frame, current frame. 
Buffer S$ 1-63 Real (6) seuesoatea: Spectral Filter History 
Buffer T 1-63 Real (6) Sa ben ke Noise Shaping Filter 
story 


NUMBER OF OUTPUT SAMPLES: 8S + RBS/2 + SBS + TBS 
NOTES: Uses SA to modify APS code. 
Requires special CSPU binding. 


PUNCTION DESCRIPTION: 


Compute and code APC residual. See Section 2.7 of the Algorithm Specification 
(Volume I, Appendix A of this report) for complete description. 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: CORPAR( I) 
NAME EXPANSION: Correct parameters 


FCB #: = 123 
ARRAY OR NON-ARRAY FUNCTION: Non-array 


APU MODULE NAME: 
APS MODULE NAME: -- 
CSPU MODULE NAME: CORPAR 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE 
Literal I -2,0 Integer 


NUMBER OF OUTPUT SAMPLES: -- 
NOTES: 


FUNCTION DESCRIPTION: 


COMMENTS 
Specifies buffer pair 


Unbitstreams, error-corrects, and decodes parameters from on of the RBITS 
buffers to one of the RSOURCE buffers. The tables used for decoding each 


parameter are given in the file 86N16T.MSO. 


The argument I specifies which pair of RBITS/RSOURCE buffers is used. I#-2 


means RBTA/RSRA, and I*0 means R&TB/RSRB. 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FONCTION NAME: OAINT 
NAME EXPANSION: Simulate 0/A Interrupt 


FCB #: 127 
ARRAY OR NON-ARRAY FUNCTION: Non-array 


APO MODULE NAME: 
APS MODULE NAME: -- 


CSPU MODULE NAME AOMINT 

PARAMETER DEFINITIONS: 
PARAMETER RANGE SAMPLE TYPE COMMENTS 
None 


NUMBER OF OUTPUT SAMPLES: -~ 
NOTES: 


PUNCTION DESCRIPTION: 


The SNAP-callable function calls the AOMINT D/A Interrupt Service module, 
so it may be used to simulate such an interrupt. See Section 2.2.2.5. 
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BBN-WRITTEN SNAP~II FUNCTION DESCRIPTION 


FUNCTION NAME: DEAL(Y,A,U,B,V,¥) 
NAME EXPANSION: Deal received decoded data from single buffer 


FCB #: 212 
ARRAY OR NON~ARRAY FUNCTION: Array 


APU MODULE NAME: DEALUS 
APS MODULE NAME: DFALSS 
CSPU MODULE NAME: 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS 
Buffer Y 1-63 Real (230) Input: Received decoded 
data buffer 
Real Scalar A 0-191 Real Output: Received VEnerg 
Buffer U 1-63 Real (3) Output: Received JDelta Gains 
Real Scalar 8 0-191 Real Output: Received Pitch Lag 
Buffer V 1-63 Real (3) Qutput: Received Pitch 
Predictor Coeffs 
Buffer W 1-63 Real (6) Output: Received Spectral 


Predictor Coeffs 


NUMBER OF OUTPUT SAMPLES: 14 
NOTES : 


FUNCTION DESCRIPTION: 


On function exit, ¥(@ - 215) is expected to contain 216 received residual 
samples. 


SA <= ¥(216) 
U(9-2)<= ¥(217-219) 

SB <= Y(220) 
¥(9-2)<= ¥(221-223) 
W(D-5)<= ¥(224-229) 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: OECODA 
NAME EXPANSION: Decode residual, buffer-pair “A” 


FCB #: 188 
ARRAY OR NON-ARRAY FUNCTION: Array 


APU MODULE NAME: ODCDU 
APS MODULE NAME: OCOSA 
CSPU MODULE NAME: ~- 


PARAMETER DEFINITIONS: 
PARAMETER RANGE SAMPLE TYPE COMMENTS 


None 


NUMBER OF OUTPUT SAMPLES: -- 
NOTES: 


FUNCTION DESCRIPTION: 


Unbitstreams and decodes the residual samples from buffer RBTA to buffer 


RSRA. The table used for decoding the residual is given in the file BBNI67T.MSO. 
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BBN-WRITTEN SNAP-II FONCTION DESCRIPTION 


FUNCTION NAME: DECODB 
NAME EXPANSION: Decode residual, buffer-pair "B". 


FcB #: 189 
ARRAY OR NON-ARRAY FUNCTION: Array 


APO MODULE NAME: 0CDU 
APS MODULE NAME: ODCDSB 
CSPU MODULE NAME: -- 
PARAMETER DEFINITIONS: 

PARAMETER RANGE SAMPLE TYPE COMMENTS 


None 


NUMBER OF OUTPUT SAMPLES: -- 
NOTES: 


FUNCTION DESCRIPTION: 


Unbitstreams and decodes the residual samples from buffer RBTB to buffer 
RSRB. The table used for decoding the residual is given in the file BBNI6T.MSO. 


BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FONCTION NAME: FFILR(Y,M,U,V,W) 
NAME EXPANSION: Fast Fourier Transform, Not-in-Place, To Real Data, Long 


PCB #: 198, 206 
ARRAY OR NON-ARRAY FUNCTION: Array 


APO MODULE NAME 
APS MODULE NAME 
CSPU MODULE NAME 


(see below) 


ee oe 66 
' 
4 


PARAMETER DEFINITIONS: 
PARAMETER RANGE SAMPLE TYPE COMMENTS 


(see below) 


NUMBER OF OUTPOT SAMPLES: USB*2 
NOTES: One complex sample is input beyond the end cf the configured U buffer 
(see below). 


FUNCTION DESCRIPTION: 


This is a slightly modified version of the CSPI function FFINR (from SNAP-II, 
Extended Array Function Library II [4]). The modification involves an assumed 
refcrmatting of the complex frequency domain input (U) such that the last real 
input point is assumed to appear as such, rather than in the first imaginary 
input location (which is known to be zero). 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 
FUNCTION NAME:  FFTLR(Y,M,U,V,) 
NAME EXPANSION: Fast Fourier Transform, Not-in-Place, On Real Data, Long 


FCB #: 204, 197 
ARRAY OR NON~ARRAY FUNCTION: Array 


APU MODULE NAME: 
APS MODULE NAME: -- (see below) 
CSPU MODULE NAME: 


PARAMETER DEFINITIONS: 
PARAMETER RANGE SAMPLE TYPE COMMENTS 


(see below) 


NUMBER OF OUTPUT SAMPLES: UBS/2 + | 
NOTES: One complex sample is output beyond the end of the configured Y 
buffer (see below). 


FUNCTION DESCRIPTION: 


This is a slightly modified version of the CSPI function FFTNR (from 
SNAP-II, Extended Array Function Library I1 [4]). The modification involves 
a reformatting of the complex frequency domain output (Y) such that the last 
real output point appears as such, rather than in the first imaginary output 
location (which is known to be zero). 


BBN-WRITTEN SNAP-II FONCTION DESCRIPTION 
FUNCTION NAME: GAIN(Y,A,U,B8,V,C} 
NAME EXPANSION: Compute Quantizer Segment Scale Factors 


FCB #: 196 
ARRAY OR NON-ARRAY FUNCTION: Array 


GAINS 
GAINSS 


PARAMETER DEFINITIONS: 
PARAMETER RANGE SAMPLE TYPE COMMENTS 


Buffer Y 1-63 Real (3) Output: Quantizer segment 
scale factors, alternating 
with their reciprocals. 

Real Scalar A 0-191 Real Output: Coded frame eneray 

Buffer U 1-63 Real (3) Qutput: Coded segment 
delta-gains 

Real Scalar B 0-191 Real Input: 1/72 


Buffer V 1-63 Real (216) Input: Second Residual Samples 
Real Scalar C 0-191 Real Input: 1/3 


NUMBER OP OUTPUT SAMPLES: 7 total 
NOTES: Fixed to process 216 input buffer V elements, in 3 segments of 72 
elements each. 


PUNCTION DESCRIPTION: 


SGin) “* (V(t+(me72))2) on = 91,2 
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iz] 


(SG(4)) ; GH * quantized VG; SA = coded G 


DG(n) = SG(n}/(GH*GH) n= 9,1,2 
U(n) = coded 0G(n) ; DGH(n) * quantized V0G(n} ne9,1.2 


¥(2n) * (GH*0GH(n)) n*0,1,2 
¥(2n+1) = 1./¥(2n) 


BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME:  GTHR(Y,A,U,8,V,4) 
NAME EXPANSION: Gather Transmission data into single buffer 


PCB #: 200 
ARRAY OR NON-ARRAY FUNCTION: Array 


APU MODULE NAME: GTHRUS 
APS MODULE NAME: GTHRSS 
CSPU MODULE NAME: -- 


PARAMETER DEFINITIONS: 
PARAMETER RANGE SAMPLE TYPE COMMENTS 


Buffer Y 1-63 Fixed (230) Output: Transmission buffer 
Real Scalar A 0-191 Fixed (in lefthworad) Input: Coded Energy 
Buffer U 1-63 Fixed (3) Input: Coded Delta Gains 
Real Scalar 8 0-19} Fixed (in lefthword) Input: Coded Pitch Lag 
3 


Buffer V 1-63 Fixed (3} Input: Coded Pitch Predictor 
Coeffs. 
Buffer W 1-63 Fixed (6) Input: Coded Spectral 


Predictor Coeffs. 


NUMBER OF OUTPOT SAMPLES: 85-216 
NOTES: 


PUNCTION DESCRIPTION: 


On function call, Y(B-215) is expected to contain 216 coded residual samples. 


¥(216) a 
¥(217-219) <* 
(220) as 
¥(221-223) <* 
¥(224-229) <* 


BBN-WRITTEN SNAP~II FUNCTION DESCRIPTION 


FUNCTION NAME: HFC(Y,U,V) 
NAME EXPANSION: High Frequency Correction 


FCB #: 190 
ARRAY OR NON-ARRAY FONCTION: Array 
‘ APU MODULE NAME: HFCUS 
i APS MODULE NAME: HFCSS ; 


CSPU MODULE NAME 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS 
[ Buffer Y 1-63 Real Output: HFC'd autocorrelation ms 
coeffs ' 
Buffer U 1-63 Real Input: Autocorrelation Ae 
coeffs 14 
Buffer V 1-63 Real (3) Input: LAMBDA*MU( 1) 
LAMBDA = .035 
: MU ( .375 
-.25 
0625 / 


NUMBER OF OUTPUT SAMPLES: Y8S 
NOTES: 


PUNCTION DESCRIPTION: 


| For i = 9,2: Kl = U(1)/U(9) 
i a El = (1 - K1?)*u() 
For i = 2, (YBS-1): K2 = (U(2) = KI*U(1))/E 
v(t) = u(t) 


E2 = E1*(1 - K22) 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: INVPF(¥,A,U,V) 
NAME EXPANSION: 3-tap Inverse Pitch Filter 


FCB #: 167 

ARRAY OR NON-ARRAY PUNCTION: Array 
APO MODULE NAME: INVPUS 

APS MODULE NAME: INVPSI 


CSPU MODULE NAME 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS i 
Buffer Y 1-63 Real Output: :ilter output J 
Real Scalar A 50-191 Real Input: pitch in sample-times ; 
Buffer U 1-63 Real (YBS+216) Input: filter input, including 

previous 216 samples. | 
Buffer V 1-63 Real (3) Input: Filter coefficients 


NUMBER OF OUTPUT SAMPLES: ‘8S 
NOTES: ‘This routine uses SA to modify its APS code. Buffer U must be 


compact 32-bit floating point. 


PUNCTION DESCRIPTION: 


Implements a 3-tap FIR pitch filter. Let M = SA, the pitch in terms of 
sample times: 


2 
y(n) 2 u(n) + oo v(j)tu(n = M- j +17), me0,t,...YBS-1 


The pitch can take on values 14 <M< 133, so the buffer U contains the “previous” : 
frame of 216 samples in addition to the “current” frame. That is, U(o) * u(-216), iW 
U(216) = u(o), etc. 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: MPGSC(GFLAG,SETCLR) 
NAME EXPANSION: G-Flag Set/Clear 


FCB #: = 106 
ARRAY OR NON-ARRAY PUNCTION: Non-array 


APU MODULE NAME: 
APS MODULE NAME: 
CSPU MODULE NAME: 


MPGSC 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS 
Literal flag 0-3 Integer Selects G-flag 
Literal SETCLR 0-1 Integer SETCLR=0=>Set flag 


SETCLR=1=>Clear flag 


NUMBER OF OUTPUT SAMPLES: - 
NOTES: 
PUNCTION DESCRIPTION: 


MPGSC sets or clears one of the four G-flags. This is useful for 
program timing using an external oscilloscope. 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: MPIFF(IA,IB, FLID) 
NAME EXPANSION: If (IA.NE.0)& (1B.£Q.0) Conditional Function List Execution | 


FCB #: 105 
ARRAY OR NON-ARRAY FUNCTION: ‘on-array 


APU MODULE NAME: 
APS MODULE NAME: - 
CSPU MODULE NAME: MPIFFS 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS ‘f 
Integer Scalar IA 0-127 Integer Input 
Integer Scalar [B 0-127 Integer Input 


Literal FLID 0-63 Integer Input: Function List (9 t 


NUMBER OF OUTPUT SAMPLES: - 
NOTES: Function list 'FLIO' must be previously defined. 
PUNCTION DESCRIPTION: 


Function list ‘FLID' is executed if and only if Integer Scalar IA is 
not equal to zero, and Integer Scalar IB is equal to zero. 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: MWLQ6(Y,A,U,¥,8) 
NAME EXPANSION: Matrix (Weinter-Levinson-Durbin) Solution, with 
Quantized and coded outputs, 6th order 


FCB #: 135 


ARRAY OR NON-ARRAY FONCTION: 


APU MODULE NAME: MWLFSAPU 
APS MODULE NAME: MWLFSAPS 
CSPU MODULE NAME: MwLQSSSM 


PARAMETER DEFINITIONS: 


PARAMETER RANGE 
Buffer Y ea 
Real Scalar A 0-191 
Buffer U 1-63 
Buffer V 1-63 
Buffer W 1-63 


NUMBER OP OUTPUT SAMPLES: 


NOTES: Special intermediate CSPU support is used. 


FUNCTION DESCRIPTION: 


6 


Array 


SAMPLE TYPE 
Real (12) 


Real 
Real (6) 
Real (7) 


Long Fixed (6) 


COMMENTS 


Output: Reflection coefficients 
and error terms (a$ in MWLD) 


Input: Threshold value (as 
in MWLD) 


Output: Quantized reflection 
coefficients 


Input: Autocorrelation coeffi- 
cients (as in MWLD). 


Output: Coded reflection coeffi- 
cients. 


This module consists of the SNAP-II function MWLD followed by a special 
quantization/coding module. MWLD outputs LPC coefficients into the buffer U, 
but the Q/C module overwrites them with the quantized reflection coefficients. 
The threshold and quantized-value tables are not specified as parameters, but 
are referenced symbolically by the APS module. 


MWLD requires that buffers Y,U,¥ be compact (SI=1). 


pact also. 
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BBN-WRITTEN SNAP~II FUNCTION DESCRIPTION 


FUNCTION NAME: PITCH(Y,A,U,8,C,0) 
NAME EXPANSION: Compute and code pitch 


Fos #: 134 
ARRAY OR NON~ARRAY FUNCTION: Array 


APU MODULE NAME: PITUS 
APS MODULE NAME: PI7SS 
CSP0 MODULE NAME: 


PARAMETER DEPINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS 
Buffer Y 1-63 Real (3) Output: Autocorrelation 
coefficients 


-RP(Pitch lag -1) 
-RP(Pitch Taq) 
-RP(Pitch laa +1) 


Real Scafar A 0-197 Real Output: Pitch lag (in samples) 

Buffer U 1-63 Real (512) Input: Autocorrelation 
coefficients 

Real Scalar B 0-191 Fixed (in lefthword) Output: Coded pitch 

Real Scalar C 0-191 Real Input: Constant 14. 

Real Scalar 0 0-191 Real Output: Single tap 


coefficient 


NUMBER OF OUTPUT SAMPLES: 3 Output Scalars, 3 Output Buffer samples 


NOTES: Uses modified SMAX. 
Only uses part of input buffer JU. 
Uses SA to modify APS code 


FUNCTION DESCRIPTION: 


133 
A = index of Wa {u(i)] ; where first U element is U(p). 
l= 


left half-word of 8 = A-14. =A-C 


(This value is generated by multiplying by 2**-15, and ALIGN'ing. ) 
-U(pi q) . . 
0» : ‘st Me (single tap coefficient (for case of 3-taps unscable)) 


U(p 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: PITSYN(Y,A,U,V) 
NAME EXPANSION: 3-tap direct form pitch-synthesis recursive filter 


FCB #: 203 
ARRAY OR NON-ARRAY FUNCTION: Array 


APO MODULE NAME: PITSUS 
APS MODULE NAME: PITSSI 
CSPU MODULE NAME: 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE (length) commENTS 
Buffer Y 1-63 Real (U8S+216) Output: filter output 


plus 216 preceding 
Output samples. 
Real Scalar A 50-191 Real Input: Pitch in samples 


Buffer U 1-63 Real Input: Filter input 
Buffer V 1-63 Real (3) Input: Filter Coefficients 


NUMBER OF OUTPUT SAMPLES: UBS 
NOTES: Uses value of SA to modify the APS code. Buffer Y must be 
compact 32-bit floating point. 


FUNCTION DESCRIPTION: 


Implements a 3-pole recursive filter for pitch synthesis. Let M=SA, the 
pitch expressed in samples 


2 
y(n) = u{n) - fo v(j)*y(n-M-j+1), n=0,1,...UBS-1 


The pitch can take on values 14 <M < 133, so the buffer Y must contain 
“previous” samples; hence, it functions as both input (previous output) and 
output (output computed by the function). For buffer-configuration reasons, 
Y must contain the previous 216 samples of output. 

Buffer Y is defined so that the first value in it corresponds to y(-216). 


BBN-WRITTEN SNAP~II FUNCTION DESCRIPTION 


FUNCTION NAME: PROPAR( I) 
NAME EXPANSION: Protect analysis parameters 


FCB #: 122 
ARRAY OR NON-ARRAY FUNCTION: Non-array 


APO MODOLE NAME: 
APS MODULE NAME: -- 
CSPO MODULE NAME: PROPAR 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE 
Literal I -2,0 Integer 


NUMBER OF OUTPUT SAMPLES: -- 
NOTES: 


FUNCTION DESCRIPTION: 


COMMENTS 


Specifies buffer pair 


Error protects and bitstreams analysis parameters from one of the 7SINK 
buffers into one of the TBITS buffers; also accumulates histogram statistics 


for all the analysis parameters except pitch. 


The araument I specifies which pair of TSINK/TBITS buffers is used. [-2 


means TSNKA/TBTA, and I=Q means TSNKB/TBTB. 
See Section 2.2.1.3.18. 


BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: PRORES( I) 
NAME EXPANSION: "Protect" residual samples 


FcB #: 121 

ARRAY OR NON-ARRAY FUNCTION: Non-array 
APU MODULE NAME: -- 
APS MODULE NAME: -- 
CSPU MODULE NAME: PRORES 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE 
Literal I +2,0 Integer 


NUMBER OF OUTPUT SAMPLES: ~-~ 
NOTES: 


PUNCTION DESCRIPTION: 


COMMENTS 


Specifies buffer 
pair 


8itstreams coded residual samples from one of the TSINK buffers into one 


of the TBITS buffers. No "protection" is done. 


The argument I speciffes which pair of TSINK/TBITS buffers is used. [!=-2 


means TSNKA/TBTA, and [20 means TSNKB/TBTB. 
See Section 2.2.1.3.18. 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: MINT : 
NAME EXPANSION: Simulate Receiver Modem Interrupt 


Fos #: 126 
ARRAY OR NON-ARRAY FUNCTION: ‘on-array 


APU MODULE NAME: 
APS MODULE NAME: -- 
CSPU MODULE NAME: RMODEMINT 


PARAMETER DEPINITIONS: 
PARAMETER RANGE SAMPLE TYPE COMMENTS 


None 


NUMBER OF OUTPUT SAMPLES: ae 
NOTES: 


FUNCTION DESCRIPTION: 
This SNAP-callable function calls the RMODEMINT Receiver Mocem Interrupt 


Service module, so it may be used to simulate such an interrupt. See 
Section 2.2.2.2. 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: SCLRES(Y,A,U,V) 
NAME EXPANSION: Compute Quantizer scale factors and scale residual 


PCB #: 202 

ARRAY OR NON-ARRAY FUNCTION: Array 
APU MODULE NAME: SCLS$ 

APS MODULE NAME: SCLSS$ 


CSPU MODULE NAME 


PARAMETER DE&PINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS 
Buffer Y 1-63 Real (216) Output: Scaled residual 
samples 
Real Scalar A 0-191 Real Input: ReceivedyFrame Eneray 
Buffer U 1-63 Real (3) Input: Received Delta Gains 
Buffer V 1-63 Real Input: Received Residual 
samples 


NUMBER OF OUTPUT SAMPLES: 216 
NOTES: 


FUNCTION DESCRIPTION: 
GFAC(j) = (SA*U(j)] j = 1,2,3 


Y¥(i) = VC) #GFAC(4) j= for i 21, 72 


2 for i = 73, 144 
3 for i 2 145, 216 


BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: STAB(Y,A,U,¥) 

NAME EXPANSION: Stability check on pitch predictor coefficients; code 
and quantize. 

FcB #: 150 

ARRAY OR NON-ARRAY FUNCTION: Array 


APU MODULE NAME: STABS 
APS MODULE NAME: STABSS 
CSPU MODULE NAME: 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS 

Buffer Y 1-63 Real Output: Quantized staple 
pitch predictor coeffs. 

Real Scalar A 0-191 Real Input: Single Tap coeff. 

Buffer VJ 1-63 Fixed Output: Coded stable 
pitch predictor coeffs. 

Buffer V 1-63 Real Input: Pitch Predictor 
coefficients. 


NUMBER OF OUTPUT SAMPLES: 3 Quantized, 3 coded values 
NOTES: Module fixed to process 3 pitch predictor coeffs. 


FUNCTION DESCRIPTION: 


Do stability check on V(®), V{1), V(2): 


T1 = V(Q) + ¥(1) + V(2) 
T2 = V(p) - 2V(1) + V(2) 
T3 = V(M) - ¥(2) 


If [(T1 <-1) .OR. (T2<-1) OR. (T3 <1) .OR. (T2>¢2) .OR. (73 >+41)] 


then unstable: set Cl = 9 
C2 = SA 
C3 = 9 


) 
C2 = vf1) 
) 


Code and quantize C1, C2, C2, set Y buffer to quantized values, 


set U buffer to coded values. 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME:  THIST(Y,U,V,4,R,S) 
NAME EXPANSION: Set up transmitter frame nistories. 


FcB #: 20) | 
ARRAY OR NON-ARRAY FUNCTION: Array : 
APU MODULE NAME: THUS 
APS MODULE NAME: THSS 
CSPU MODULE NAME: SBMSTH 
PARAMETER DEFINITIONS: 
PARAMETER RANGE SAMPLE TYPE COMMENTS 
Buffer Y 1-63 Real Output: Preempnasized speech: 
history,;current frame 
Buffer U 1-63 Real (216) Input: Preemphasized speech: 
current 
Buffer ¥ 1-63 Real Qutput: First residual: 
history,current frame 
Buffer W 1-63 Real (&) Input: First residual: last ' 
6 elements of current frame 
Buffer R 1-63 Real Output: APC pitch filter history 
last ,current frame 
Buffer S }-63 Real (216) Input: APC pitch filter nistory: 


current frame 
NUMBER OF OUTPUT SAMPLES: LBS + wBS + SBS 


NOTES: Requires special CSPU binding. 
FONCTION DESCRIPTION: ; 
v(M) - Y(UBS - 1) <= U(B) = U(UBS - 1} x 


UD) = WCwBS = 1} <2 WB) = w(WBS - 1) 
RIB) - R(EBS - 1) <= $(2) - S(SBS - 1} 
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BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: TMINT 
NAME EXPANSION: Simulate Transmitter “odem Interrupt 


FCB #@: 125 
ARRAY OR NON-ARRAY FUNCTION: Non-array 


APU MODULE NAME: 
APS MODULE NAME: 
CSPU MODULE NAME: 


TMOOEMIN 


PARAMETER DEFINITIONS: 
PARAMETER RANGE SAMPLE TYPE COMMENTS 


None 


NUMBER OF OUTPOT SAMPLES: -- 
NOTES : 


PUNCTION DESCRIPTION: 


This SNAP-callable function calls the TMODEMINT Transmitter Modem 
Interrupt Service module, so it may be used to simulate sucn an 
interrupt. See Section 2.2.1.5. 


BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 


FUNCTION NAME: VKTOA(Y,U) 

NAME EXPANSION: Convert Reflection Coefficients (K) to Linear Prediction 
Coefficients (A) 

FCB 3: 133 

ARRAY OR NON-ARRAY FUNCTION: Array 


APU MODULE NAME: VKAUS 
APS MODULE NAME: ykAS[ 
CSPU MODULE NAME: 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS 
Buffer Y 1-63 Real Output: LP coefficients 

A(1), A(2),..., ACUBS) : 
Buffer U 1-63 Real Input: Reflection 


Coeffictents K(1), 
K(2),...K(UBS) 


NUMBER OF OUTPOT SAMPLES: JBS 

NOTES: This function is different from VKTOA in the 9.6 kb/s MAP-300 system; 
that was specific to an 3-pole system; this version is general. Also, this 
version does not output A(#) 

FUNCTION DESCRIPTION: 


The LPC coefficients A(i), i = 9,1, ... p are computed from the reflecticn 
coefficients K(j), j = 1,2, ... p, by the recursion: 
Am(m) = K{m) 

Am(L) = miq(L) * K(m)A,_y(m-L) ob 

m 


=z 1, ..., m1 
ey weeecp 


where Am(L) indicates the value of the L-th coefficient on the m-th iteration. 


The output buffer does not contain A(Q), which is 1.0. The first output 
value is A(1). 


BBN-WRITTEN SNAP-II FUNCTION DESCRIPTION 
FUNCTION NAME:  VLTSY(Y,U,V,W) 
NAME EXPANSION: Lattice Synthesis Filter 


FCB #: 132 
ARRAY OR NON-ARRAY FUNCTION: Array 


VLTSY$ 
¥3200$ 


APU MODULE NAME 
APS MODULE NAME 
CSPU MODULE NAME 


PARAMETER DEFINITIONS: 


PARAMETER RANGE SAMPLE TYPE COMMENTS 
Buffer Y 1-63 Real Output synthetic speech 
samples 
Buffer U 1-63 Real (3) Filter memory (G‘s) 
Buffer V 1-63 Real (8) Reflection coefficients (K's) 
Buffer W 1-63 Real Input samples 


NUMBER OP OUTPUT SAMPLES: w8S 
NOTES: Exactly 8 elements from each U and ¥ are used. Contents of U are 
changed. 


FUNCTION DESCRIPTION: 


Performs lattice form all-pole filter, using reflection coefficients 
as filter coefficients. 


Implements the following Fortran coce: 


DO 20 I=1, WBS 
F(7)=W(1)-G(7)*K(8) 
00 10 J=6,0, -1 ’ 
F(J)=F(J+1)-G(J)*K(J+1) : 
10 G( Jl }=G(J)+F (J) *K( +1) 
G(0)=F (0) 
20 ¥(1)#F(0) 


Report No. 4565 Bolt Beranek and Newman Inc. 


APPENDIX B 
MAP-300 BUFFERS 


The table contained in this Appendix describes the 
characteristics of each data buffer used in the MAP-300 speech 
coder implementation. The table entry labeled "BID" indicates 
the buffer identification number (for SNAP-accessible buffers) or 
is blank (for non-SNAP buffers). The entries labeled "Written 
by:" and "Read by:" indicate subroutines, function lists, or 
program modules that so access each buffer. (The A/D, D/A, 
transmitter modem, and receiver modem interrupt service routines 


are specified in these tables by "ADINT", "DAINT", "TMINT", and 


"RMINT", respectively.) 
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APPENDIX C 
MAP-300 SCALARS 


The tables contained in this Appendix describe the 
characteristics of each user-defined real and integer scalar 
referenced in the MAP-300 speech coder implementation. The table 
entry labeled "SID" or "“ISID" indicates the real or integer 
scalar identification number. The entries labeled "Written by:" 
and "Read by:" indicate subroutines, function lists, or program 
modules that so access each scalar. (The A/D, D/A, transmitter 
modem, and receiver modem interrupt service routines are 
specified in these tables by "ADINT", "“DAINT", "TMINT", and 


"RMINT", respectively.) 
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